Western University

Scholarship@Western

Western® Graduate& PostdoctoralStudies

Electronic Thesis and Dissertation Repository

7-21-2021 1:00 PM

Impacts Of Climate Change On Food Security And Smallholder
Livelihoods In Northern Ghana

Kamaldeen Mohammed, The University of Western Ontario

Supervisor: Luginaah, Isaac, The University of Western Ontario

A thesis submitted in partial fulfillment of the requirements for the Master of Arts degree in
Geography

© Kamaldeen Mohammed 2021

Follow this and additional works at: https://ir.lib.uwo.ca/etd

6‘ Part of the Human Geography Commons

Recommended Citation

Mohammed, Kamaldeen, "Impacts Of Climate Change On Food Security And Smallholder Livelihoods In
Northern Ghana" (2021). Electronic Thesis and Dissertation Repository. 7948.
https://ir.lib.uwo.ca/etd/7948

This Dissertation/Thesis is brought to you for free and open access by Scholarship@Western. It has been accepted
for inclusion in Electronic Thesis and Dissertation Repository by an authorized administrator of
Scholarship@Western. For more information, please contact wiswadmin@uwo.ca.


https://ir.lib.uwo.ca/
https://ir.lib.uwo.ca/etd
https://ir.lib.uwo.ca/etd?utm_source=ir.lib.uwo.ca%2Fetd%2F7948&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/356?utm_source=ir.lib.uwo.ca%2Fetd%2F7948&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ir.lib.uwo.ca/etd/7948?utm_source=ir.lib.uwo.ca%2Fetd%2F7948&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wlswadmin@uwo.ca

Abstract

Climate change and food insecurity threaten the livelihoods of smallholder communities in the Global
South. In the Ghanaian context, climate change and food insecurity are particularly crucial challenges in
the northern regions, where most people are engaged in diverse activities in the agricultural sector.
Despite tremendous efforts to curtail food insecurity and climate change vulnerability of smallholder
households in northern Ghana, food insecurity and climate change remain pervasive in the region,
indicating that smallholder adaptive capacities and resilience to the impacts of climate change are not
commensurate with the severity of the problems. Emerging literature has indicated that livelihood
diversification strategies and collective household decision-making can potentially moderate the effects
of climate change. Yet in the Upper West Region (UWR) of Ghana, we know little about these important
links. Therefore, this study draws data from a cross-sectional survey (n=1100) in the UWR to examine

smallholder livelihoods and food security situation in the contexts of climate change.

First, the study examined the role of livelihood diversification strategies in households’
resilience to climate change. Results from the logistic regression revealed that smallholder households
that practiced only farm diversification (OR =3.95; p <0.05) and a combination of both farm and non-
farm diversification (OR =5.77; p <0.01) had significantly higher odds of reporting stronger resilience
to climate change compared to those who did not employ any diversification strategy. Second, the study
examined the relationship between intra-household decision-making arrangements and food security.
The regression results indicated that households that practiced joint decision-making (OR = 1.71;
p<0.001) had significantly higher odds of being food secure than households that practiced sole
patriarchal decision-making. The findings from this study point to the need for agricultural policies to
harness the synergies between farm and non-farm livelihood activities as complementary climate change

risk-spreading strategies. Also, this study reinforces that policies seeking to address food insecurity and



other socio-economic challenges in northern Ghana must focus on the interdependence and

complementarity of men and women in household food security decision-making.

Keywords: Livelihood diversification; resilience, climate change; decision making, food security,

Ghana



Summary for Lay Audience

Goal 2 of the Sustainable Development Goals (SDGs) aims to eliminate all forms of hunger and
malnutrition by 2030. Regardless, nearly one-fourth of the global population do not have access to safe
and nutritious food. Ironically, food insecurity is prevalent among food producers, particular
smallholder farmers in Sub-Saharan Africa (SSA). The prevalence of food insecurity among smallholder
farmers is attributed to climate change and other biophysical and socio-economic factors. In Ghana,
climate change and food security present crucial challenges to people's livelihoods, especially
smallholder farmers in the northern regions. This shows that smallholder farmers in northern Ghana do
not have appropriate coping and adaptation strategies to these problems. Livelihood diversification and
collective decision making are promising approaches that could improve food security and climate
change resilience in smallholder communities. Livelihood diversification and collective decision making
can pull resources from diverse livelihood activities to help households spread risks. Therefore, this
thesis examined the potential of livelihood diversification strategies and collaborative decision making

in improving resilience to climate change and food security.

Overall, the findings showed that livelihood diversification and collective decision making can
improve climate change resilience and food security in smallholder context. Farmers that practiced only
farm livelihood diversification were three times more likely to be resilient to climate change than
farmers who did not practice livelihood diversification. Similarly, households that combined farm and
non-farm livelihood strategies were five times more likely to be resilient to climate change impacts than
households that did not practice livelihood diversification. Also, households that practiced collective
decision making were more likely to be food secure than households that practiced sole decision making.
The findings show that combining farm and non-farm livelihoods is a beneficial initiative in smallholder

communities and policies must pay attention to how concurrent diversification into farm and non-farm

iv



livelihood activities could be harnessed to improve smallholder farmers adaptive capacities and
livelihoods. The study also suggests that policies and initiatives that want to improve food security
should recognize that women and men depend on and complement each other to ensure household food
security. Therefore, collective household decision making can help pull resources from different

livelihood activities to improve food security.
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Chapter 1
1.0 Introduction

This thesis examines smallholder farmers' livelihood strategies in the context of climate change and food
insecurity in semi-arid Ghana. This introductory chapter provides an overview of climate change and
variability and food insecurity as crucial challenges in Sub-Saharan Africa (SSA) and semi-arid Ghana.
The chapter proceeds to state the research objectives, the significance of the research and finally, the

structure of the entire thesis.

1.1 Study Background

1.1.1 The climate change emergency

Climate change is now an unequivocal global emergency, evidenced by the unprecedented

concentrations of greenhouse gases (e.g., carbon dioxide, methane, and nitrous oxide) in the atmosphere,

activities. Anthropogenic-induced atmospheric warming exceeded pre-industrial warming by 1.5° C in
2017 and increases between 0.1° C and 0.3° C every decade (IPCC, 2018). Multiple environmental
factors such as rising temperatures, rise in carbon dioxide and erratic precipitation patterns interact to
create numerous adverse impacts of climate change and variability (IPCC, 2018). There are evidence of
rising sea levels, ocean acidification and an increase in occurrence and intensity of extreme climate
events such as extreme heat, hurricanes, floods, tornadoes, droughts and wildfires (Chevuturi et al.,
2018; IPCC, 2018; King & Karoly, 2017). Climate-sensitive biophysical conditions interact with socio-

economic and political instabilities to create high vulnerabilities (IPCC, 2014). Therefore, the severity of
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climate change impacts is not a function of only the hazard but a combination of vulnerability

(susceptibility and adaptive capacity) and the exposure of communities to climate threats (IPCC, 2018).

Climate projections show that temperatures in Africa will increase above 2° C by the last two
decades of the 21st century (IPCC, 2014). Under high Representative Concentration Pathway (RCP),
warming in Africa may increase between 3° C and 6° C by the end of the 21st century (IPCC 2018).
Consequentially, semi-arid regions in Sub-Saharan Africa (SSA) remain one of the most vulnerable
regions to the adverse impacts of climate change and variability (Amjath-Babu et al., 2016; Riede et al.,
2016a). Agriculture is perhaps the most susceptible sector to climate change impacts in SSA. Since
smallholder farmers in SSA are heavily reliant on rain-fed agricultural systems and the region is
projected to experience high warming, smallholder farmers are burdened with one of the most severe
adverse effects of climate change and variability (Asare-Nuamah & Botchway, 2019; Assan et al.,
2018). The burden of climate change among smallholder farmers will likely include extreme events such
as storm surges, erratic rainfall, floods and drought (IPCC, 2018). While climate mitigation is necessary
for SSA, there is an urgent need to build adaptation and resilience to climate change among smallholder

farmers.

Climate change adaptation and resilience in Africa remain low and ineffective due mostly to
dysfunctional government policy. Adaptation strategies and initiatives in Africa are not commensurate
with the region’s level of climate change burden (IPCC, 2014). According to the IPCC (2018), the ability
to spearhead climate adaptation knowledge and strategies is dependent on the amount, quality and
reliability of available climate data. Therefore, a significant constraint in Africa’s inability to adapt to
climate change is the lack of quality and reliable climate data (IPCC, 2018). Also, a key challenge for
climate adaptation in SSA is policy lags. There is a lack of coordinated policy implementation in most

SSA. Adaptation strategies in Africa are primarily autonomous, especially among smallholder farmers

2



(Dapilah & Nielsen, 2019; Alam et al., 2017; IPCC, 2014). Smallholder farmers are often engaged in
autonomous adaptation strategies with less support from the government (Assan et al., 2018; Alemayehu
& Bewket, 2017). More so, multiple factors that burden smallholder farmers aside from climate change
(Nyantakyi-Frimpong & Bezner-Kerr, 2015), autonomous adaptation among smallholder farmers may
be geared towards building resilience to one or multiple stressors (Riede et al., 2016; Carr, 2008).
Therefore, it is essential to understand how smallholder farmers could harness local autonomous

adaptation strategies to build climate change resilience (Adger et al., 2003).

In the Ghanaian context, smallholder farmers struggle to build adaption and resilience to climate
change amid multiple stressors (Assan et al., 2018; Nyantakyi-Frimpong, 2013). The climate burden is
particularly severe in the semi-arid regions of Ghana, where more than 70% of households depend
primarily on rain-fed subsistence farming (Ghana Statistical Service, 2019; Asravor, 2018). Like most
semi-arid regions in SSA, there is a lag between planning and policy implementation on climate change
adaptation and resilience in the semi-arid regions of Ghana. Therefore, farmers in the region resort to
migration and livelihood diversification as spontaneous responses to these multiple stressors (Kuuire et
al., 2013; Luginaah et al., 2009). Livelihood diversification has been acknowledged as a strategy that
could be harnessed for local adaptation to stressors among smallholder farmers (Adzawla et al., 2019;
Asravor, 2018; Ellis, 2000). The fundamental rationale for livelihood diversification is that multiple
livelihood activities would help spread risk. However, there is limited understanding of how different
livelihood strategies (farm and non-farm) may improve smallholder livelihoods and resilience to
environmental stressors. Thus, this study seeks to understand the role of livelihood diversification

strategies in resilience to climate change in the semi-arid regions of Ghana.



1.1.2 The menace of food insecurity

Another global menace closely related to climate change is food insecurity. Food security exists "when
all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food"
(FAO, 2009: 1). Therefore, food security is not limited to the mere availability of food, but includes the
accessibility and utilization of food sustainably (FAO et al., 2018). The Climate change burden on
agriculture in SSA interacting with socio-economic factors primarily drives food insecurity in the region
(FAO et al., 2020; IPCC, 2014; Riede et al., 2016). Notwithstanding the global attention to food
insecurity, an estimated 2 billion people are food insecure globally (FAO, FAD, et al., 2020). As
indicated in Figure 1.1, about one-third of food insecure people live in Africa, most of whom are
smallholder farmers in SSA (FAO, FAD, et al., 2020). Also, Africa will account for more than half of all
undernourished people by 2030 (FAO, FAD, et al., 2020). Thus, hunger and undernourishment are
especially pressing concerns in SSA, where climate change, inequalities, and political instability

exacerbates food insecurity (FAO et al., 2020).



TOTAL WORLD POPULATION (2019): 7 713 MILLION
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Figure 1. 1: Global food insecurity

Note: The number of food insecure/food secure people are in millions
Source: FAO, FAD, UNICEF, WFP, WHO, 2020

In Ghana, there are local disparities in food insecurity. Food insecurity is high in northern Ghana
compared to southern and the middle zone of Ghana. For example, while food insecurity prevalence in
southern Ghana is below 7%, the prevalence of food insecurity in northern Ghana is between 10% and
30% (Nyantakyi-Frimpong, 2013; Biederlack & Rivers, 2009). Multiple factors account for the regional
disparities in food insecurity prevalence in Ghana. The prevalence and impacts of climate change
stressors such as drought and erratic rainfall patterns are high in northern Ghana (Dapilah & Nielsen,
2019; Asravor, 2018). These climate change stressors hinder agricultural production, which is the
primary source of livelihood for many communities in northern Ghana (Nyantakyi-Frimpong, 2021,

Adzawla et al., 2019). Also, socio-economic factors such as impoverishment, low levels of education,
5



poor transportation infrastructure, high social inequality and policy marginalization heighten hunger and

malnutrition in northern Ghana (Atuoye et al., 2019; Yaro, 2013; Luginaah et al., 2009).

Developmental and scholarly discussions on improving food security is largely skewed towards
increasing food production by mitigating the physical constraints of production (e.g., input-intensive
agriculture, improved infrastructure, use of drought resistant crops.). For example, the Ghana
government under Planting for Food and Jobs initiative seeks to improve food production through
increased access to farm inputs (e.g., seeds, machinery, fertilizers, pesticides) and extension services
(MOFA, 2019). The social mechanisms that influence access, production, and food utilization are often
given a short shrift in ongoing discussions about food insecurity. Therefore, the study shows how intra-
household decision-making and gender relations continue to be a vital underlying social driver of hunger

and malnourishment in northern Ghana and similar context in SSA.

1.2.3 Study context

Upper West Region is located at the north-western tip of Ghana between longitudes 1° 36' to 3° West and
latitudes 9° 48' to 11° North as shown in Figure 3.1. The region covers a total land size of 18,476 km?,
which is 12.7% of the total land area in Ghana. Upper West Region is bounded to the north and west by
Burkina Faso, to the south by Savannah Region and the east by Upper East and North East Regions.
Upper West Region has a total population of 702,110 (Ghana Statistical Service, 2019). The region has
11 administrative districts with Wa Municipal as the capital. Agriculture is the main economic activity in
Upper West, thus majority of people are engaged in smallholder farming practices and other activities in
the agricultural chain (Atuoye et al., 2019; Ghana. Statistical Service, 2013; Luginaah et al., 2009).

Figure 3.1 shows a map of Upper West Region and the selected districts.
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Figure 3. 1 Map of Ghana indicating the Upper West Region

Upper West region has two ecological zones, which are the Guinea and Sudan savannah
ecological zones. Areas within the Guinea savannah ecological zone have total annual precipitations of
about 1000mm. The Sudan savannah ecological zones have total precipitations between 500mm to
700mm (Ghana. Statistical Service, 2013). Both ecological zones have unimodal precipitations patterns
(usually between June to September), which present significant challenges to rain-dependent agricultural
systems crop production all year. Also, harsh climatic conditions (e.g., severe droughts, floods,
inconsistent precipitation patterns) exacerbate the challenges of agricultural systems in the region. The
region has average temperatures of 28°C and peaking at about 38°C. Temperatures in the region has

increased by 1.7°C in the last decades and is projected to increase by 3°C by 2050 (Adiku et al., 2017).
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Due to the high temperatures, evapotranspiration is equally high, affecting the water retention capacity
of soils (Adiku et al., 2017). Consequentially, people in the Upper West Region are increasingly
diversifying their livelihoods and migrating to other regions in Ghana in response to the rapid climatic
changes (Mohammed et al., 2021; Kuuire et al., 2013; Luginaah et al., 2009). Aside from subsistence
agriculture, households engage in alternative livelihoods such as petty trading, small-scale mining,
weaving, and brewing local alcoholic drinks (e.g., pito). Therefore, it is imperative to understand how
the diversification of livelihoods into farm and non-farm activities may affect households’ resilience to

climate change in such context.

Food insecurity is another critical challenge in the Upper West Region. Upper West Region has
one of Ghana's highest food insecurity rates, with an estimated 18% of the population being food
insecure (Essilfie et al., 2020). Food insecurity in the region is primarily due to climate change and
variability interacting with socio-economic challenges (Atuoye et al., 2019; Luginaah et al., 2009). For
example, the Upper West Region is one of the poorest regions in Ghana. Among every ten people, nine
live on less than a dollar daily (Ghana Statistical Service, 2013). The three study districts rank among the
poorest districts in Ghana. Wa West ranks number as the poorest district among the 260 districts in
Ghana with a poverty incidence of 92.4%. Lawra and Nadoeli-Kaleo ranks 13" and 17" poorest districts
(Ghana Statistical Service, 2019). Structural gender inequalities further exacerbate the disproportionate
burden of food insecurity. Men are the primary custodians of productive resources under the patriarchal
system. For example, under the patrilineal land tenure systems, men are the custodians of lands through
inheritance (Kansanga et al., 2019). Therefore, women mainly access lands through other male family
members or relatives. The patriarchal system coupled with the practices of polygamy hinders women’s
role in household decision making concerning the mobilization, production and allocation of household

resources. Despite some progress, structural gender inequalities persist in the Upper West Region,



particularly among smallholder farmers in rural areas (Nyantakyi-Frimpong, 2019). Given the
contextual climate change and food insecurity burden of the Upper West Region, it is imperative to

ezplore pathways of improving climate change resilienc e and food security in the region.

1.2 Research questions

Numerous studies have explored diverse pathways for facilitating climate change adaptation and
resilience among smallholder farming communities (see Nyantakyi-Frimpong, 2021; Adzawla et al.,
2019; Atuoye et al., 2019; Asravor, 2018; Arouna et al., 2017). For example, studies such as (Adzawla et
al., 2019; Asravor, 2018; Ellis, 2000) have explored the opportunities of livelihood diversification as a
coping strategy in smallholder context. However, the potential of livelihood diversification in improving
climate change resilience remains less understood. Discussions on livelihood diversification have also
mainly focused on diversification outside agriculture, with little emphasis on opportunities within
agricultural livelihoods. This study explores the relationship between livelihood diversification strategies

(i.e., farm and non-farm) and resilience to climate change in smallholder households in northern Ghana.

Similarly, discussions on food security focus strongly on biophysical challenges of food
production (e.g., precipitation, temperature, soil, food loss and waste) (Adeyeye, 2017; Alexander et al.,
2017; Arouna et al., 2017; Armah et al., 2011). We know little about how social factors (e.g., gender,
decision making) shape food security in smallholder farming communities. Few studies that explore
social determinants (e.g., gender) of food security have often used qualitative methods. The small size of
such studies makes generalization difficult and thus challenging to inform food policy. In response, this
study's overarching research question is: how do smallholder households’ livelihoods and decision-
making influence household food security and climate change resilience? Thus, the key research

objectives for this study are:



1. Examine the relationship between livelihood diversification strategies and resilience to climate

change in semi-arid Ghana.

2. Investigate the association between intra-household decision-making arrangements and food

security in semi-arid Ghana.

1.3 Research significance

This study is essential for literature and policy amid the devasting impacts of climate change and food
insecurity in semi-arid Ghana. First, the study will contribute to literature by offering an alternative
empirical narrative in understanding the risk-spreading role of farm and non-farm livelihood activities as
complementary livelihood diversification strategies. Given the ongoing climate change crisis,
discussions around food insecurity focus heavily on biophysical constraints to food production. This
study will contribute to the literature on how social mechanisms such as gender relations in decision-
making shape household food security outcomes. On the policy front, the study will provide indicators
for agricultural and rural development policies to broaden, incorporate and promote livelihood
diversification strategies for sustainable livelihoods and climate change adaptation. Also, the study will
provide insights for gender transformative policy approaches that are inclusive of all household members

in addressing gender inequality in the control of productive resources for household food security.

1.4 Thesis structure

This thesis consists of six (6) chapters. Chapter one is the introductory chapter. It provides a general
overview of the challenges of climate change and variability, and food insecurity in Ghana. The chapter
also states the research objectives and highlights the significance of the thesis/study. Chapter (2) two is
the literature review. It provides a overview of literature on global and local climate change and

variability. The chapter also discusses the menace of food insecurity (i.e., at global and regional levels)
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and the major facets and conceptualization of food security. The chapter further expatiates the

conceptual and theoretical underpinnings of the thesis.

Chapter three is the methodology. The chapter highlights the detailed methods used in the study.
First, the chapter presents a brief overview of climate change, food insecurity and other socio-economic
factors in the study context. Then it briefly explains the epistemology of this research. The chapter
proceeds to discuss the study design, data collection and sampling techniques and the data analytical
techniques. Chapter four (4) and five (5) present the two manuscripts in the thesis. Chapter four (4)
presents a manuscript that examines the livelihood diversification strategies and resilience to climate
change in semi-arid Ghana. This manuscript is published in Climatic Change. Chapter five (5) examines
the association between intra-household decision making arrangements and food security in semi-arid
Ghana. This manuscript is revised and resubmitted to the journal African Geographical Review for
consideration. The two manuscripts are integrated into the thesis as they explore twin challenges

(climate change and food insecurity) that plague smallholder farmers in semi-arid regions of Ghana.

Lastly, chapter six (6) summarizes the entire study. The chapter highlights the study's key
theoretical and empirical contributions to literature on smallholder livelihoods, climate resilience, and
food security in smallholder communities. Also, the chapter presents suggested policy directions for
improving climate resilience and food security in semi-arid Ghana and similar context in SSA.

Directions for future studies are also presented in this chapter.

11



1.5 References

Adeyeye, S. A. O. (2017). The role of food processing and appropriate storage technologies in ensuring
food security and food availability in Africa. Nutrition & Food Science, 47(1), 122-1309.
https://doi.org/10.1108/NFS-03-2016-0037

Adger, W. N., Hug, S., Brown, K., Conway, D., & Hulme, M. (2003). Progress in Development
Studies, 3(3), 179-195. https://doi.org/10.1191/1464993403ps0600a

Adzawla, W., Baumueller, H., Donkoh, S. A., & Serra, R. (2019). Effects of climate change and
livelihood diversification on the gendered productivity gap in Northern Ghana. Climate and
Development. https://doi.org/10.1080/17565529.2019.1689093

Alam, G. M. M., Alam, K., & Mushtaqg, S. (2017). Climate change perceptions and local adaptation
strategies of hazard-prone rural households in Bangladesh. Climate Risk Management, 17, 52—
63. https://doi.org/10.1016/j.crm.2017.06.006

Alemayehu, A., & Bewket, W. (2017). Smallholder farmers’ coping and adaptation strategies to climate
change and variability in the central highlands of Ethiopia. Local Environment, 22(7),  825—
839. https://doi.org/10.1080/13549839.2017.1290058

Alexander, P., Brown, C., Arneth, A., Finnigan, J., Moran, D., & Rounsevell, M. D. A. (2017). Losses,
inefficiencies and waste in the global food system. Agricultural Systems, 153, 190-200.
https://doi.org/10.1016/j.agsy.2017.01.014

Amjath-Babu, T. S., Krupnik, T. J., Aravindakshan, S., Arshad, M., & Kaechele, H. (2016). Climate
change and indicators of probable shifts in the consumption portfolios of dryland farmers in
Sub-Saharan Africa: Implications for policy. Ecological Indicators, 67, 830-838.
https://doi.org/10.1016/j.ecolind.2016.03.030

Armah, F. A., Odoi, J. O., Yengoh, G. T., Obiri, S., Yawson, D. O., & Afrifa, E. K. A. (2011). Food
security and climate change in drought-sensitive savanna zones of Ghana. Mitigation and
Adaptation Strategies for Global Change, 16(3), 291-306. https://doi.org/10.1007/s11027-
010-9263-9

12



Arouna, A., Lokossou, J. C., Wopereis, M. C. S., Bruce-Oliver, S., & Roy-Macauley, H. (2017).
Contribution of improved rice varieties to poverty reduction and food security in sub-Saharan
Africa. Global Food Security, 14, 54-60. https://doi.org/10.1016/j.gfs.2017.03.001

Asare-Nuamah, P., & Botchway, E. (2019). Comparing smallholder farmers’ climate change perception
with climate data: The case of Adansi North District of Ghana. Heliyon, 5(12), e03065.
https://doi.org/10.1016/j.heliyon.2019.e03065

Asravor, R. K. (2018). Livelihood Diversification Strategies to Climate Change among Smallholder
Farmers in Northern Ghana. Journal of International Development, 30(8), 1318-1338.
https://doi.org/10.1002/jid.3330

Assan, E., Suvedi, M., Olabisi, L. S., & Allen, A. (2018). Coping with and Adapting to Climate Change:
A Gender Perspective from Smallholder Farming in Ghana. Environments, 5(8), 86.
https://doi.org/10.3390/environments5080086

Atuoye, K. N., Antabe, R., Sano, Y., Luginaah, I., & Bayne, J. (2019). Household Income
Diversification and Food Insecurity in the Upper West Region of Ghana. Social Indicators
Research, 144(2), 899-920. https://doi.org/10.1007/s11205-019-02062-7

Biederlack, L., & Rivers, J. (2009). Comprehensive Food Security & Vulnerability Analysis (CFSVA):

Ghana. United Nations World Food Programme.

Carr, E. R. (2008). Between structure and agency: Livelihoods and adaptation in Ghana’s Central
Region. Global Environmental Change, 18(4), 689-699.
https://doi.org/10.1016/j.gloenvcha.2008.06.004

Chevuturi, A., Klingaman, N. P., Turner, A. G., & Hannah, S. (2018). Projected changes in the Asian-
Australian monsoon region in 1.5° C and 2.0° C global-warming scenarios. Earth’s Future,
6(3), 339-358.

Dapilah, F., & Nielsen, J. O. (2019). Climate change extremes and barriers to successful adaptation
outcomes: Disentangling a paradox in the semi-arid savanna zone of northern Ghana. Ambio.
https://doi.org/10.1007/s13280-019-01275-x

Ellis, F. (2000). The Determinants of Rural Livelihood Diversification in Developing Countries. Journal

of Agricultural Economics, 51(2), 289-302. https://doi.org/10.1111/j.1477-9552.2000.tb01229.x
13



Food and Agricultural Organization, Economic Commission for Africa, & African Union. (2020). 2019
Africa Regional Overview of Food Security and Nutrition: Containing the damage of economic
slowdowns and downturns to food security in Africa. FAO.
https://doi.org/10.4060/CA7343ENnhttps://doi.org/10.4060/CA7343ENAIso Available in:French

Food and Agricultural Organization, International Fund for Agricultural Development, United Nations
Children's Fund, World Food Programme & Ministry of food and Agriculture, & World Health
Organization. (2020). The State of Food Security and Nutrition in the World 2020. FAO, IFAD,
UNICEF, WFP and WHO.  https://doi.org/10.4060/ca9692en

Food and Agricultural Organization, International Fund Agricultural Development, United Nation
Children's Fund, & World Health Organization. (2018). The state of food security and nutrition
in the world 2018: Building climate resilience for food security and nutrition. Food &
Agriculture Org.
https://books.google.ca/books?hl=en&Ir=&id=LCIuDWAAQBAJ&oi=fnd&pg=PA3&dg=impact
s+of+food+security+on+climate+resilience&ots=0MfzpClY Ot&sig=EHTFYqv25RIYRQnk3j8X
PwAquwO&redir_esc=y#v=onepage&q=impacts%200f%20food%20security%200n%20climate

%20resilience&f=false

Ghana Statistical Service. (2019). The Ghana Living Standards Survey (GLSS).
https://www.statsghana.gov.gh/gssmain/fileUpload/pressrelease/GLSS7%20MAIN%20REPORT
_FINAL.pdf

Intergovernmental Panel on Climate Change. (2014). Climate Change 2014 Impacts, Adaptation, and
Vulnerability.Part B: Regional Aspects. Contribution of Working Group 11 to the Fifth
Assessment Report  of the Intergovernmental Panel on Climate Change. Cambridge University
Press, Cambridge, United  Kingdom and New York, NY, USA, Pp. 688., 31(1), 254-272.
https://doi.org/10.1108/MEQ-04-2019-0076

Intergovernmental Panel on Climate Change. (2018). Global Warming of 1.5 °C.
https://www.ipcc.ch/sr15/chapter/chapter-1/

King, A. D., & Karoly, D. J. (2017). Climate extremes in Europe at 1.5 and 2 degrees of global warming.
Environmental Research Letters, 12(11), 114031. https://doi.org/10.1088/1748-9326/aa8e2c

14



Kuuire, V., Mkandawire, P., Arku, G., & Luginaah, I. (2013). ‘Abandoning’farms in search of food:
Food remittance and household food security in Ghana. African Geographical Review, 32(2),
125-139.

Luginaah, I., Weis, T., Galaa, S., Nkrumah, M. K., Benzer-Kerr, R., & Bagah, D. (2009). Environment,
migration and food security in the Upper West Region of Ghana. In Environment and health in

Sub-Saharan Africa: Managing an emerging crisis (pp. 25-38). Springer.

Ministry of Food and Agriculture. (2019). Minstry of Food and Agriculture Operational Report (2017-
2018). https://mofa.gov.gh/site/images/pdf/PFJ.pdf

Nyantakyi-Frimpong, H. (2013a). Food Security in Northern Ghana: Policy Issues in Historical and
Contemporary Contexts. The African Portal, 62, 1-5.

Nyantakyi-Frimpong, H. (2013b, January 1). Indigenous Knowledge and Climate Adaptation Policy in
Northern Ghana. Africa Portal; Centre for International Governance Innovation (CIGI).
https://www.africaportal.org/publications/indigenous-knowledge-and-climate-adaptation-policy-

in-northern-ghana/

Nyantakyi-Frimpong, H. (2021). Climate change, women’s workload in smallholder agriculture, and
embodied political ecologies of undernutrition in northern Ghana. Health & Place, 68, 102536.
https://doi.org/10.1016/j.healthplace.2021.102536

Nyantakyi-Frimpong, H., & Bezner-Kerr, R. (2015). The relative importance of climate change in the
context of multiple stressors in semi-arid Ghana. Global Environmental Change, 32, 40-56.
https://doi.org/10.1016/j.gloenvcha.2015.03.003

Pisoft, P., Sacha, P., Polvani, L. M., Afiel, J. A., Torre, L. de la, Eichinger, R., Foelsche, U., Huszar, P.,
Jacobi, C., Karlicky, J., Kuchar, A., Miksovsky, J., Zak, M., & Rieder, H. E. (2021).
Stratospheric contraction caused by increasing greenhouse gases. Environmental Research
Letters. https://doi.org/10.1088/1748- 9326/abfe2b

Riede, J. O., Posada, R., Fink, A. H., & Kaspar, F. (2016). What’s on the 5th [IPCC Report for West
Africa? In Adaptation to Climate Change and Variability in Rural West Africa (pp. 7-23).
Springer.

15



Vajedsamiei, J. (2021). The neglected role of environmental fluctuations as modulator of stress.
https://macau.uni-kiel.de/receive/macau_mods_00001265

Yaro, J. A. (2013). The perception of and adaptation to climate variability/change in Ghana by small-
scale and commercial farmers. Regional Environmental Change, 13(6), 1259-1272.
https://doi.org/10.1007/s10113-013-0443-5

16



Chapter 2
2.0 Literature Review
2.1 Introduction

This chapter explores the literature on vulnerability to climate change, food insecurity, smallholder
livelihoods that have served as the underpinning for responding to the thesis objectives. The chapter also
discusses climate change resilience of smallholder farmers, emphasizing ecological and social systems
resilience. The livelihood diversification strategies in smallholder communities is also discussed. Lastly,

the chapter presents the broader theoretical framework that informs this research.

2.2 Overview of climate change and variability

Human activities and impacts on the environment have thrust the earth into a new geologic epoch known
as the Anthropocene. Though contested, the Anthropocene refers to a geologic age where anthropogenic
activities are chiefly responsible for environmental transformation such as climate change and variability
(Lewis & Maslin, 2015). According to the IPCC (2018), anthropogenic-induced global warming reached
an estimated 1° C above pre-industrial levels in 2017 with an average increase of 0.2° C every decade
(see Figure 2.1). The IPCC report on ‘Global warming of 1.5° C’ stipulates that an increase in regional
temperatures by 1.5° C or more will increase the occurrence and severity of extreme climate events
(IPCC, 2018). The adverse effects of climate change and extreme events may include ocean
acidification, rising sea levels, droughts, floods, heatwaves, droughts and storm surges (Dapilah &
Nielsen, 2019; Kom et al., 2019; IPCC, 2018; Funk et al., 2012; Boko, 2007). Therefore, one of the key
objectives of the Paris Agreement is to deter an increase in global temperatures above 2° C with a more
optimistic aim of limiting temperature increase to below 1. 5° C (IPCC, 2018). Consequentially, there is
regional variation in warming, with some regions already experiencing warming above 1.5° C and 2° C

(IPCC, 2018).
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Figure 2. 1: Anthropogenic induced global warming

Note: Human-induced warming reached an estimated 1° C in 2017. Global temperatures are expected to
reach 1.5° C by 2040.

Source: IPCC, 2018

In Africa, climate models predict an increase in temperatures that exceed the global average,
especially in the arid Sahel regions (Nikulin et al., 2018; Riede et al., 2016). An additional 0.5° C
further warming (from the global average of 1.5° C—2° C) is expected in Africa, significantly
increasing associated extreme events (Nikulin et al., 2018). The climate in African sub-regions has
evolved in recent decades, as evidenced by the increasing temperatures, and shifting precipitation
patterns. In West Africa, climate models project an increase of 3° C — 6° C towards the end of the 21

century, subject to different emission scenarios (Riede et al., 2016). The West African countries such as
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Guinea, Senegal, la Cote d’Ivoire and Ghana experienced significant warming ranging from 0.2° C to
more than 0.5° C (Sylla et al., 2016). West Africa is expected to experience a rapid increase in minimum
temperatures compared to maximum temperatures (Nicholson, 2013; Funk et al., 2012). Although there
may not be an extreme increase in maximum temperatures, land surface temperatures in the West
African Sub-regions will likely increase faster than global averages. (Funk et al., 2012; Riede et al.,

2016).

In Ghana, climate models predict similar temperature patterns that are generally consistent with
global assessments. Ghana has experienced an average increase in temperature of 1° C per decade since
1960 (Pinto et al., 2012). During the same period, there has been a 2.4% decrease in precipitation. The
mean annual temperature in Ghana is projected to increase between 1° C - 3° C by 2060 and 1.5° C to
5.2° C by 2090 (Pinto et al., 2012). Despite slight variations, climate change models have consistently
projected that temperatures will increase more in northern Ghana than in the rest of the country (Klutse
et al., 2020; Mcsweeney et al., 2010). For example, Table 2.1 shows that total precipitation has
decreased by an average of 27.58mm over 20 years (Ministry of Food and Agriculture et al., 2020).
Similarly, there has been a decline in total precipitation of 54.80 from 2019 to 2020 (Ministry of Food

and Agriculture et al., 2020).

Table 2. 1 Changes in amount and pattern of precipitation (mm) in Ghana

% Change
20 Year | % Change (2020/20 Year
Month | 2019 2020 Average (2019/2020) Average)
July 205.75 131.76 143.75 -21.92 -9.099
August 113.90 76.1 134.90 -19.89 -26.74
Septemeber 194.60 124.35 180.09 -22.02 -21.50
Total rainfall 514.25 332.21 458.74 -21.50 -24.69
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Average 171.42 110.74 152.91 -7.168 -8.23
rainfall
Source: Ministry of Food and Agriculture et al. 2020

2.2.1 Vulnerability of smallholder agriculture to climate change

The IPCC defines climate change vulnerability as the extent to which a social or natural system is
susceptible or unable to cope with climate hazards (IPCC, 2014). By this definition, vulnerability is a
function of adaptive capacity, sensitivity, and exposure of a system to climate hazards. Although Sub-
Saharan Africa (SSA) remains a minor emitter of greenhouse gases (IPCC, 2018), the region will likely
experience one of the most severe adverse impacts of climate change (IPCC, 2018; Nikulin et al., 2018;
Sylla et al., 2016). Several economies and livelihoods of countries in SSA remain vulnerable to climate
change (Kom et al., 2019; Amjath-Babu et al., 2016; Antwi-Agyei et al., 2014). Agriculture in SSA is
climate-sensitive and vulnerable due to rain dependency and the low adaptive capacity of the agricultural
sector (Boko et al., 2007). In recent years increasing temperatures and fluctuating precipitation patterns
present significant challenges for timely cultivation in smallholder communities (Riede et al., 2016;
Nicholson, 2013). The region has experienced an increase in the occurrence and severity of extreme
climate events such as droughts, floods, and storm surges which tend to impact crop production and
animal rearing in semi-arid regions (Dapilah & Nielsen, 2019; IPCC, 2018). Furthermore, climate
change is expected to lead to an increase in the outbreak of pest and disease that affects crops and animal
production (IPCC, 2014; FAQ, 2009). A key example is the outbreak of locusts in East Africa. Increase
in pests and diseases may lead to increase in post-harvest loss, which is a direct reduction in food supply
(FAQ, 2009). The increased occurrence of climate change-induced disasters, health concerns and

migration can significantly degrade agricultural labor, assets and infrastructure (Pinto et al., 2012).
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The relationship between agriculture and climate change is complex. While agriculture remains
one of the most vulnerable sectors to the adverse impacts of climate change and variability, the
agricultural sector is the second-largest emitter of greenhouse gases globally (Qiao et al., 2019; FAO,
2015). According to FAO (2015), agriculture accounts for nearly 22% of global Greenhouse gases
(GHG). GHG emissions from agriculture are largely from the use of machinery in cultivation, burning of
biomass, and fertilizers. However, agriculture can be crucial in offsetting greenhouse gas emissions by
serving as carbon stocks for sequestration of carbon dioxide into biomass and soil organic matter (Qiao
et al., 2019; Johnson et al., 2007). Therefore, the net impact of agriculture on climate change is a
function of the two opposing impacts on GHG (i.e., carbon emission versus carbon sequestration). The
complex relationship between agriculture and climate change is particularly a challenge for countries in
the Global South that still have agriculture as the backbone of their economies (Qiao et al., 2019; Pinto
et al., 2012). Developing economies in SSA are juggling increasing agricultural production, reducing
GHG emissions from agriculture and increasing carbon sequestration through agriculture. Therefore, it is

pertinent to sync adaptation strategies to mitigation in SSA.

Like other countries in SSA, Ghana still has agriculture as a major driver of its economy,
dominated by smallholder farmers who cultivate about two hectares of land (Ministry of Environment,
Science, Technology and Innovation, 2013). Smallholder farming in Ghana is particularly dominant in
semi-arid northern Ghana, where about 80% of households are engaged in diverse livelihoods in the
agricultural sector (Ghana Statistical Service, 2019). Several factors make smallholder farmers in semi-
arid northern Ghana more vulnerable to adverse climate impacts in the face of climate change. First,
agriculture in semi-arid northern Ghana is almost entirely rain-fed with a single cultivation period per
year and very high average temperatures (Dapilah & Nielsen, 2019). This limits multiple cultivations

within a year, making the region exposed to climate hazards (Bellon et al., 2019; Dapilah & Nielsen,
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2019). Also, northern Ghana shoulders about 80% of all impoverished people in Ghana despite
constituting only 22% of the entire Ghanaian population (Ghana Statistical Service, 2019). The high
levels of poverty in the region thwart the adaptive capacity of smallholder farmers (Dapilah & Nielsen,
2019). More so, the climate sensitivity of smallholder farmers as evidenced by the underlying poor
socio-economic conditions, marginalization and conflicts that characterize the region (Ministry of
Environment, Science, Technology and Innovation, 2013; Yaro, 2013). Thus, there is a need for
effective and efficient climate adaptation and coping strategies in the region. Building and increasing
smallholder climate resilience can increase their adaptive capacity and decrease their overall climate

vulnerabilities (IPCC, 2014).

2.2.2 Climate change adaptation and resilience

Climate change and variability unquestionably present numerous adverse impacts on the environment
and livelihoods of people. Therefore, societies need to employ adaptation and mitigation measures
commensurate with the climate change threat (Leisner, 2020). While climate mitigation is a vital long
term solution to climate change, there is also an urgent need to improve climate change adaptation and
resilience to deal with the current adverse impacts (Bellon et al., 2019; Asravor, 2018; Loison, 2015;

Haggblade et al., 2010; Barrett et al., 2001).

Climate change adaptation involves adjusting to current or anticipated climate related
consequences (IPCC, 2014). Overall, climate change adaptation in Africa is low (IPCC, 2014). Disaster
risk reduction, infrastructural adaptations, social protections and livelihood diversification are reducing
vulnerability, however, these are mainly in secluded initiatives (Dapilah & Nielsen, 2019; Asravor,
2018; Loison, 2015). Adaptation in SSA remains autonomous and reactive with few efforts to harness

adaptative strategies. According to the IPCC (2014), there are five principles for building effective
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climate change adaptation: (i). supporting autonomous adaptation strategies through policies that
acknowledge the multiple stressors of livelihoods; (ii). An emphasis on equality and equity in cultural
adaptation strategies by increasing the participation of vulnerable groups (e.g., youth, poor, women) in
adaptation policy; (iii) incorporating adaptive management, institutional and social learning processing
into all levels of adaptation strategies; (iv) integrating flexible and iterative approaches with technology,
indigenous knowledge and scientific methods to develop adaptation strategies; (v) and lastly building
climate change resilience amid future climate, economic and social uncertainties. In the climate change
discourse, adaptation is inextricably linked to resilience. Climate adaptation strategies are critical for

improving the overall climate change resilience of households in smallholder contexts.

Climate resilience denotes the ability of households to anticipate, prepare and absorb climate
stress without losing their function and structure (Adzawla, Kudadze, et al., 2019; Holling, 1973).
Therefore, building and increasing climate resilience is essential for smallholder farmers to adapt to the
adverse impacts of climate change (Adzawla, Kudadze, et al., 2019; Assan et al., 2018). In Ghana,
stakeholders in the climate discourse have recognized the low climate resilience of smallholder farmer
households and the need for effective adaptation (Appiah et al., 2018; Assan et al., 2018; Ministry of
Environment, Science, Technology and Innovation, 2013). Hence, numerous strategic measures have
been initiated to improve the resilience of smallholder farmers (Assan et al., 2018). For example, the
Ghana National Climate Change Policy Report outlined policy strategies to improve farmers' resilience
to climate change. These included: improving research on climate-smart agriculture, promoting
innovative technologies in irrigations and instituting risk transfer systems such as farm insurance
(Adzawla, Kudadze, et al., 2019). Also, Ghana's government and NGOs have made efforts to improve
the resilience of the agricultural sector through recycling of agricultural waste, improving access to

markets and improving storage and processing facilities (Ministry of Environment, Science, Technology
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and Innovation, 2013). Nevertheless, such initiatives have only done very little in improving
smallholders’ adaptive capacity and resilience to climate change, thereby leaving local people to rely on

their livelihood diversification strategies for survival.

2.3 Livelihood diversification strategies

Livelihood diversification is widely recommended as a pathway for reducing vulnerability to climate
change in smallholder communities (Adzawla, Baumueller, et al., 2019; Bellon et al., 2019; Asravor,
2018; Miller et al., 2014). Livelihood diversification is the practice by which households build a diverse
range of activities and social support abilities to improve and sustain their living standards (Ellis, 1998).
The various types of smallholder livelihood diversifications are broadly categorized by sector (farm and
non-farm), function ( self-employment and wage employments) and location (on-farm and off-farm)
(Barrett et al., 2001; Ellis, 1998; Saith, 1992). Most academic literature on livelihood diversification has
conceptualized diversification by sector because it effectively distinguishes between agricultural and
non-agricultural livelihood activities (Loison, 2015). Therefore, | have conceptualized smallholder

livelihood diversification by sector (farm and non-farm) in this thesis.

Farm/agricultural diversification strategies involve smallholder farmers engaging in a variety of
primary production of raw agricultural produce to diversify risk and reduce vulnerability to climate
change stressors (Ellis, 1998). These livelihood activities include primary crop production diversity and
livestock production diversity (Asravor, 2018; Antwi-Agyei et al., 2014). Farm livelihood diversification
is not necessarily cultivating a different variety of crops or livestock but includes incorporating diverse
farm management practices (Asravor, 2018). Crop and livestock diversification is not alien to
smallholder farmers in northern Ghana (Asravor, 2018). Nevertheless, planting high-value crops and
agricultural produce aside from the regular subsistence crops are now commonly practiced in semi-arid

Ghana (Ministry of Food and Agriculture, 2019). These practices help smallholder farmers adapt to
24



adverse climate impacts by diversifying risk among different agricultural products (Antwi-Agyei et al.,

2014; Ensor et al., 2014).

Non-farm/non-agricultural livelihood diversification is where smallholder farmers engage in
alternate activities entirely outside their farms or primary agricultural production for livelihood security
(Loison, 2015; Barrett et al., 2001; Ellis, 1998). Ellis (1998) classifies non-farm livelihood
diversification into subcategories comprising; i) non-farm rural self-employment, ii) property income,
iii) non-farm rural wage employment, iv) urban-to-rural remittance, v) and international remittance
(Ellis, 1998). Dapilah and Nielsen (2019), indicated that social support is another key non-farm
livelihood that needs to be taken into account when investigating livelihood diversification among
smallholders. In the context of smallholder farmers in semi-arid Ghana, non-farm livelihood
diversification is widely employed during the dry season when agricultural activities are put on hold
because of the rain-fed agricultural systems (Assan et al., 2018). However, in recent times, non-farm

livelihood diversification is practiced all year round in smallholder communities.

Dapilah et al. (2019) suggested that smallholder livelihood diversification is context-specific and
as such, might conflict with other forms of livelihoods and likely thwart future climate adaptations and
resilience. For example, Dapilah et al. (2019) discovered that vegetable production along riverbanks was
a wide diversification strategy practiced by smallholders. However, this had adverse effects on fishery
and river water availability and quality. Thus, the link between livelihood diversification strategies and
poverty reduction and climate resilience is complex and requires more nuanced understanding

(Haggblade et al., 2010).

2.4 Overview of food insecurity in Africa

The eradication of hunger and malnourishment remains an integral part of the Sustainable Development

Goal (SDG), yet about 2 billion people are food insecure and 689 million people undernourished (FAO
25



et al., 2020). The burden of food insecurity greatly varies geographically. For example, Asia and Africa
jointly account for about 85% of all food-insecure people globally. Nearly 1 billion people in Asia and
675 million people living in Africa are food insecure (FAQ et al., 2020). However, it is essential to note
that Africa is only 17% of the world population compared to Asia, which accounts for 60% of the world
population (Leridon, 2020). To put this into perspective, over half of Africa’s population is food
insecure (FAO et al., 2020). In contrast, about 22% of people living in Asia are food insecure as
indicated in Figure 2.2. Similarly, Figure 2.3 indicates that though Africa currently accounts for 36% of
global malnourishment, Africa is projected to surpass Asia and account for more than half of global

malnourishment. Given the current trend of events, Africa is not on track to attain zero hunger by 2030.
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Source: FAO et al., 2020

26



OCEANIA - OCEANIA -«
LATIN AMERICA - : © AND EUROPE LATIN AMERICA - . AND EUROPE
AND THE CARIBBEAN  an (09%) AND THE CARIBBEAN . (10%)
47.7 (6.9%) S 66.9(79%) -

AFRICA
250.3 (36.4%)

ASIA AFRICA
433.2(51.5%)

ASIA 329.2 (39.1%)

381.1 (55.4%)

2019*: TOTAL 687.8 MILLION 2030*: TOTAL 841.4 MILLION

Figure 2. 3: Current and predicted rates of malnourishment by continent.

Source: FAO et al. 2020

Multiple factors are credited for the increasing trend of hunger and malnutrition and the
disproportionate burden on Africa. A cumulation of environmental, socio-economic and cultural factors
mainly makes Africa vulnerable to food insecurity (FAO et al., 2020; IPCC, 2018; Nikulin et al., 2018).
Climate change remains a crucial cause of food insecurity in Africa due to Africa’s heavy reliance on
rain-fed agricultural production. High intra-and inter-seasonal climate variability coupled with severe
floods and droughts negatively affects crop and animal production in Africa (IPCC, 2014). The inability
of Africa to adapt to these climate change and variability stressors heightens climate change
consequences such as diminished yields, pests and diseases, and post-harvest losses (IPCC, 2018). For

example, crop yields have decreased significantly in Africa, from a minimum of 2% for crops such as
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sorghum to about 35% for wheat by 2050 (Leisner, 2020; IPCC, 2014). Also, post-harvest losses account
for nearly 20% to 30% of Africa's food loss, which is valued at about 1.6 billion USD (FAO, 2009).
Further, high poverty rates in Africa mean that households do not have adequate purchasing power to
access safe and nutritious food (FAO et al., 2020). The high number of conflicts in most African
countries also exacerbates food insecurity by limiting food availability, accessibility and utilization
(Atukunda et al., 2021; FAO et al., 2020). According to FAO et al. (2020), the current COVID-19
pandemic may lead to about 83-132 million additional malnourished people in 2020. The impact of the
pandemic coupled with factors such as the unprecedented activities of locusts in East Africa presents

crucial challenges for food production, distribution, and access (FAO et al., 2020).

2.4.1 Food insecurity in Ghana

There has been some progress in addressing hunger and malnutrition in Ghana. For example, Ghana
among four other African countries (Rwanda, Angola, Malawi) were acknowledged to have met the
MDG target in 2013 (FAQ, 2015). Also, The Global Hunger Index (GHI), a standard statistical measure
of multiple facets of hunger and malnutrition indicated Ghana had reduced hunger by roughly 68%
between 1990 and 2013 (FAO, ECA, et al., 2020; AfDB, 2014). Nonetheless, comprehensive food
insecurity vulnerability studies by the World Food Programme (WFP), Government of Ghana and other
stakeholders in northern Ghana indicate a significant local variation in pervasiveness and precariousness
of hunger in Ghana. Studies such as (Atuoye et al., 2019; Kuuire et al., 2013; Nyantakyi-Frimpong,
2013; Luginaah et al., 2009) have acknowledged the widespread and severe food insecurity in northern
Ghana and the concomitant problems, depicting that national statistics may be over-generalized and do

not reflect variations at local levels.
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For example, northern Ghana accounts for over half of the food insecurity in Ghana. (Ministry of
Food and Agriculture, 2020). Food insecurity in northern Ghana is primary attributed to the underlying
climate stress such as droughts, high temperatures, and erratic rainfall that is counterproductive to food
production (Antwi-Agyei et al., 2018; Armah et al., 2011). In addition, the widespread and devastating
food insecurity in northern Ghana is exacerbated by the underlying high impoverishment, unstable food
prices, weak political governance, high unemployment and low levels of education (Kuuire et al., 2013;

Yaro, 2013; Yaro & Hesselberg, 2010; Luginaah et al., 2009).

The food insecurity situation in northern Ghana is partly due to an increase in food prices. For
example, there has been an increase of 2.05% in the price of maize in the Tamale market, the largest in
northern Ghana (Ministry of Food and Agriculture, 2020). The prices of other crops such as local rice,
imported rice and cassava increased by 26.94%, 8.69% and 88.58%, respectively in Tamale (Ministry of
Food and Agriculture, 2020). However, there has been a decrease or a relatively low increase in food
prices in southern Ghana (Ministry of Food and Agriculture et al., 2020). Also, poverty rates are highest
in northern Ghana. For example, poverty rates in Upper East Region, Northern Region and Upper West
Region increased from 44%-55%, 50%-615 and 70%-71% from 2012-2016, respectively (Ghana
Statistical Service, 2019). The increases in food prices coupled with the high poverty rates in northern
Ghana indicate that households may be unable to afford food and will likely transition to food insecurity.
In northern Ghana, structural gender norms and values continue to exacerbate poverty and food
insecurity (Nyantakyi-Frimpong, 2021; Kansanga et al., 2019; Yaro & Hesselberg, 2010; Luginaah et
al., 2009). Thus, ensuring equal access to resources and opportunity presents a vital prospect towards

eradicating hunger and malnutrition (FAO et al., 2020).
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2.5 Theoretical framework

The thesis draws insights broadly from theoretical constructs in political ecology. According to Watts &
Peet (2004), political ecology is focused on the study of power relations, social struggles and political
conflicts in the appropriation of ecological and natural resources. The genesis of political ecology can be
traced back to the 1980s when scholars such as Watts (1983) and Blaikie & Brookfield (1987) were
primarily influenced by environmentalism and its emphasis on overpopulation and the carrying capacity
of the earth (Perreault et al., 2015). Earlier study locations of political ecology were mainly in the global
south, where decolonization (revolutionary and peaceful) transformed the landscape and political
boundaries (Collins, 2008; Watts & Peet, 2004). Perreault et al. (2015) argue that political ecology is
somewhat unrestrained and continues to evolve into new spaces, themes, and scales. Consequently, the
coherence of political ecology is not in a specific research topic (e.g., deforestation, resource
governance, agrarian livelihoods, resource conflicts) nor scale (e.g., household, community, landscape,
rural, urban). Political ecology conceptualizations are based on a critical dedication to social theory and
post-positivism to understand nature and the production of knowledge about our physical and social
environment (Perreault et al., 2015). Given its broad nature and appeal, a pluralism of methodologies
have been used for research informed by political ecology conceptions. These methodologies include
both quantitative and qualitative methods (Perreault et al., 2015). Another critical facet of political
ecology is its commitment to social justice and political change among marginalized groups such as
indigenous people, religious minorities, women, poor and smallholder peasant farmers (Kansanga et al.,
2019; Nyantakyi-Frimpong, 2019a; Collins, 2008). Therefore, political ecology is a cumulation of
theoretical, methodological, and political commitments in studying nature and human interactions with
nature. In the next paragraphs, | discuss specific theories, frameworks and models within political

ecology used in this thesis. These include political ecology of vulnerability, risk, hazards, resilience, and
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feminist economics (specifically intra-household bargaining and resource allocations). Therefore, this is

research is also informed by theoretical constructs on resilience and vulnerability.

The origin of resilience is in ecology, with the earliest studies exploring predator-prey
relationships and the implications for the stability of ecosystems (May, 1972; Holling, 1973). Resilience
is also an evolving concept. Earlier conceptualization of resilience concentrated on single equilibrium
systems with fixed capacities (Folke, 2006). However, the conceptualization progressed to encompass
multi-stable systems (Folke, 2006; Holling, 1973). Resilience has now advanced to include social and
ecological systems, termed socio-ecological resilience (Adger, 2000). Socio-ecological resilience is
focused on the interaction of multiple factors such as socio-economic, political, cultural and ecological
factors in shaping systems' ability to adapt, learn, self-organize and metamorphosize amid perturbations
(Carpenter et al., 2012; Folke, 2006). According to Jones et al. (2018), socio-ecological resilience
depends on the capacity of a system to prepare, recover, and adapt to anticipated or current

environmental stressors. Therefore, the concept of adaptation is critical in resilience studies.

In the climate change discourse, adaptation broadly refers to the process of adjusting to climate
shocks to lessen vulnerability and enhance resilience (IPCC, 2014). Adaptation in smallholder
communities is mainly autonomous. However, adaptation initiatives and policies tend to focus on
structured adaptation strategies (Antwi-Agyei et al., 2014). The emphasis on structured adaptations
through “technological fixes” has proven ineffective in improving resilience to climate change in rural
and agrarian communities (Antwi-Agyei et al., 2018; Adger et al., 2003). An emphasis on harnessing
local autonomous adaptations is crucial in reducing vulnerability, given that vulnerability is a
differentiated experience among smallholder farmers (Nyantakyi-Frimpong, 2019c; Adger et al., 2003).
There are multiple identities and intersectionalities in smallholder communities that lead to differences

in susceptibility to climate change stressors among the same or similar people (Nyantakyi-Frimpong,
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2019c; Perreault et al., 2015).For example, though women are generally more vulnerable to climate
change impacts, vulnerability among similarly marginalized women may differ due to intersecting
factors such as marital status, type of marriage, number of children and spouse (Kansanga et al., 2019).
The gendered nature of vulnerability to climate change and food insecurity among smallholder
households calls for the use of nuanced approaches such as feminist economies and intra-household

bargaining.

Feminist economies and household bargaining theories are crucial in exploring the relationship
between intra-household decision-making arrangements and food security. Intra-household bargaining is
essential in understanding the mechanisms of power relations in allocating household resources (Fiala &
He, 2017; Agarwal, 1997). Unitary (based on a sole decision maker) and non-unitary (based on multiple
decision makers) models are used to explain the mechanism of decision making and resources allocated
in the household (Agarwal, 1997; Haddad et al., 1997). Unitary intra-household decision-making
postulate a single decision-maker for the household. This is based on the premise that the household has
a somewhat aggregated interest and preferences as a unit and a single household member (i.e., household
head) can make all decisions on behalf of the household (Manser & Brown, 1980). The assumption of a
single decision maker in unitary intra-household bargaining represents an oversimplification of the
complexity of the households as a decision-making unit. According to Lundberg & Pollak, (1993),
individual household members have different interests and preferences as well as different experiences
and knowledge base. Unitary intra-household bargaining mostly reflect the patriarchal system in SSA,
where gender norms posit that decision making is the sole role of the male household head (Kansanga et

al., 2019; Nyantakyi-Frimpong, 2019b).

On the other hand, non-unitary intra-household bargaining frameworks (cooperative and non-

cooperative) acknowledge multiple decision makers in the household (Mohapatra & Simon, 2017; Doss,
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2013; Agarwal, 1997). In cooperative bargaining, the negotiation power of each household member is a
function of their fallback position—an external option that indicates how better off they will be in a non-
cooperative scenario (Doss, 2013). In cooperative bargaining models, household members negotiate and
reconcile their different preferences to attain ‘Pareto efficiency’ (Doss, 2013; Agarwal, 1997). The
benefit each household member drives from the household negotiation is based on their bargaining
power. According to Sen ( 1987), perceived contribution and interest responses are also critical factors to
consider in a household negotiation. Perceived interest and contribution responses are shaped by
structured gender roles and responsibilities (Agarwal, 1997; Haddad et al., 1997). In smallholder
communities, structural gender norms limit women’s fallback position and, consequently, their
participation in decision-making (Kansanga et al., 2019; Nyantakyi-Frimpong, 2019b; Carney, 2004).
While gender norms are fast evolving in smallholder communities in Ghana, women’s participation in
decision making remains limited. Therefore, this study examined the association between intra-

household decision-making arrangements and food security among smallholder farmers.
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Chapter 3
3 Methods
3.1 Introduction

This chapter explains the study methodology. The chapter provides background to the study context,
describes the study design and data collection methods. This chapter further discusses the sampling
techniques and data analysis methods utilized in this thesis. Though the individual manuscripts
integrated into this thesis contain individual methods section, this section provide a comprehensive

discussion of all implemented methods in the research.

3.2 Study design

The study used a quantitative study design because the main aim was to examine the association
between (i). livelihood diversification strategies and climate change resilience and (ii). Intra-household
decision making arrangements and food security. The primary data collection tool was, therefore a
survey. Given the nature of the research questions, quantitative research design was the most appropriate
method to achieve the research objectives. Quantitative research designs explain phenomena by
collecting numerical data, which are analyzed using mathematical approaches (Creswell, 2009). Also,
quantitative methods were instrumental in this study because the study seeked to objectively generalize

findings to the broader population of smallholder farmers in Ghana and similar context in SSA.

It is essential to point out that this study is underpinned by post-positivist ontology and
epistemologies. Post-positivism acknowledges the flaws of traditional positivism, however, do not
entirely reject realism. The fundamentals of positivism emphasize that researchers cannot observe the
phenomena from their world as totally disinterested and objective individuals (Miller, 2000;
Sukamolson, 2007). The genesis of post-positivism is from the premise that scientific knowledge cannot

be acquired devoid of the individual researcher’s emotions, interests, and biases (Sukamolson, 2007).

43



Contrary to traditional positivism, post-positivism posits that absolute certainty in research is
unattainable (Clark, 1998). According to Sukamolson (2007), rather than an overemphasis on certainty
in research, social scientific inquiries should focus on confidence — the reliability of findings and how
well outcomes are estimated. Therefore, in this research, | endeavour to approximate reality as best as
possible while also recognizing that my subjectivity may shape the findings of this research. The
purpose of this research is not to establish truth on climate change resilience and food security in semi-

arid Ghana but to represent it as best as possible.

3.3 Data collection and sampling

Data collection was done between July to August 2019. The survey team constituted three researchers
and six local research assistants. First, the 6 research assistants were selected based on specific criteria
such as research experience, proficiency in local languages and familiarity with the study context (i.e.,
the Upper West Region). Two research assistance were assigned to each of the three study districts (Wa
West, Lawra, and Nadowli-Kaleo). The research assistance had to have resided in the assigned district.
This was to ensure familiarity with the study context and high proficiency in the native language. Each
of the three researchers supervised two research assistants in each of the districts. Though the research
assistants were selected partly based on research experience, they were trained intensively for 5 days on
the survey instrument and ethics and safeguarding protocols per ethical guidelines of the University of
Western Ontario Non-Medical Research Ethics Board. Thus, the research assistants signed an agreement
of confidentiality to protect the privacy and anonymity of the study participants. Prior to the data
collection and as part of the training, the survey questions were role played and extensively discussed to
ensure the meaning of the questions was consistent across local languages and districts. The research
assistants sought oral consent from participants in their local languages. Only participants who

consented to participate in the survey were asked further questions. It is also important to note that the
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research team first consulted community leaders (i.e., opinion leaders) to inform them about the purpose

of the study and introduce the research team to them.

To best answer research questions, the study used a household survey that particularly targeted primary
farmers of each household to respond on behalf of the household. The Farmer Livelihood and Agricultural
Production (FLAP) survey included questions about household demographics, agricultural production,
household food security, household expenditure, livelihood activities, gender relations, adaptive capacity
and resilience. A multi-stage sampling method was used to select 1100 smallholder farmer households.

The sample size of the research was determined using.

N 702110 702110
n= - = - = =000 1
1+N(e)®>  1+702110(0.03)>  1+702110(0.0009)

Where 'n' is the sample size, 'N' is the population size,
and 'e" is the margin of error or level of precision (Israel, 1992).

Using the simplified formula above, a sample of 1,100 is representative of the population of
Upper West Region (702,110) at a precision level of 0.03. First, three districts (Wa West, Lawra, and
Nadowli-Kaleo) were selected using purposive sampling. These districts were specifically selected
because a high proportion of their populations are impoverished smallholder farmers. For example, the
Wa West district ranks number one as the poorest district in Ghana, while Lawra and Nadoeli-Kaleo
rank 13" and 17" poorest districts (Ghana Statistical Service, 2019). Therefore, amid increasing climate
stressors and high impoverishment, smallholder farmers in these districts are particularly vulnerable to
food insecurity and other climate change stressors. Next, the participating smallholder communities in
each district were selected using a simple random sampling technique. Finally, a systematic sampling
technique was used to select household units by selecting every fifth house where the research team first

enters the community/village.
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The study used the Household Food Insecurity Access Scale (HFIAS) to collect data on
household food security outcomes in the Upper West Region. HFIAS captures the perceptions of
households regarding the prevalence of food insecurity among household members. HFIAS presents a
comprehensive measure of household perceived food security outcomes. The HFIAS has been widely
used to measure food security in rural context ( see Dejene & Cochrane, 2021; Mohamed Nour &
Abdalla, 2021; Pandey & Bardsley, 2019; Atuoye et al., 2019). HFIAS includes questions on uncertainty
over the availability of food, food deficiency in quantity and quality, reduction in food intake, indignity
in obtaining food (Coates et al., 2007). Some of the questions that were used in computing the HFIAS
included ‘In the past 4 weeks, were you ever worried that you may not have enough food in your
household? In the past four weeks did you or any household member have to eat a limited variety of
foods due to a lack of resources? In the past four weeks was there any household member who had to eat
some foods that you really did not want to eat because of a lack of resources to obtain other types of
food? In the past four weeks was there any household member who ate fewer times per day because
there wasn’t enough food? In the past four weeks was there ever no food to eat of any kind in your
household because of lack of resources?’. Participants rated how often they had experience any of the
above in the past 4 weeks preceding the survey by indicating the following options: rarely (1-2 times),

sometimes (3-10 times) and often (more than 10 times).

Climate resilience was a self-reported measure. Participants were asked ‘how would you rate
your ability to handle flood/drought/ erratic rain related stress?’ According to Jones & Tanner, (2015),
households have a good understanding of the mediators of their ability to anticipate, recover, and adapt
to climate change stressors. More so, the lack of quality secondary data in rural context makes the use of
objective measures of climate change resilience particularly challenging (Jones & Tanner, 2015; Oriangi

et al., 2020).
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3.4 Data analysis

The data collected was processed in R-Studio version 1.4. 1103. Prior to data analysis, the data was
screened for data entry and coding errors. | appropriately cleaned all these errors to prevent bias and to
ensure the credibility of statistical estimates. A detailed description of the analytical approaches are
provided in the individual manuscript. This section therefore provides a broad description of the analytic
methods employed in this dissertation. The dependent variables (i.e., climate change resilience and food
security) are both ordered outcomes. Thus, | used the proportional odds logistic regression. Proportional
odds logistic regression is an extension of the binary logistic regression to instances where the outcome
variable has ordered categories (Brant, 1990). For the first manuscript, | used the proportional odds
logistic regression to examine the relationship between livelihood diversification strategies and
resilience to climate change in semi-arid Ghana. The outcome variable was resilience to climate change,
which had three levels (i.e., good, satisfactory, and poor). In the second manuscript, | used the
proportional odds logistic regression to examine the association between intra-household decision
making arrangement and food security in semi-arid Ghana. The other outcome variable was food
security with four ordered levels (i.e., severely food insecure, moderately food insecure, mildly food

insecure, food secure).

Ethical approval for this research was received from the University of Western Ontario Non-
Medical Ethics Research Board. Safeguarding the privacy, confidentiality, and anonymity of participants
is a critical part of the research process. Therefore, as per the protocols of the University of Western
Ontario Non-Medical Ethics Research Board, the purposive of the study was explicitly communicated to
the study participants. The researchers unequivocally informed the study participants that the study does
not offer any direct benefits to them. Also, researchers informed participants that they would not incur

any direct cost aside from the time spent discussing their livelihoods with the researchers. However,
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participants were informed that the study is an opportunity for them to express their concerns as farmers.
Participants were also informed that the research may benefit them indirectly, as findings from the study
may be shared with local, national, and international institutions. The findings may help inform
initiatives by such organizations to improve food security and build resilience to climate change. The
researchers unequivocally communicated to participants that their privacy, confidentiality, and

anonymity is guaranteed and that they have the right to withdraw from the study at any time.

3.5 Rigor

Throughout the study (study design, data collection and analysis), appropriate measures were taken to
ensure the robustness of results from statistical estimates. Robustness of findings is essential for the
reliability, validity, and generalizability of the study findings. During the study design, survey questions
were made very simple and easy to interpret and translated to the respective local languages. However,
the comprehensibility of questions was not comprised through the translation. Research Assistants were
recruited based on prior experience with data collection, level of education (i.e., tertiary education), and
proficiency in local languages. That notwithstanding, they were trained comprehensively on the survey
instrument as well as ethical and safeguarding protocols through a pretest of the survey instrument. The
researchers consistently monitored research assistants to ensure that the data collected is of high quality.
The sample was proportionately distributed among the three selected districts (i.e., Lawra = 295,
Nadowli = 367, Wa West = 438) based on their populations. The total sample (n = 1100) was also large

enough for generalization across smallholder farmers in northern Ghana and similar context in SSA.
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3.6 Researcher positionality

A researcher’s positionality in social science research is important for data collection and interpretation.
Doing research in an individual’s native community may facilitate access to information, improve
understanding of the contextual issues and ensure cultural sensitivity. As a Ghanaian born in the
Northern Region of Ghana with deep seated lived experiences in the region, | am a native of northern
Ghana and an insider for that matter. However, though northern Ghana has numerous cultures in
common, there are different ethinc groups with different languages and cultures in the region. For
example, the study was particularly conducted in the Upper West Region with native languages (e.g.
“Dagari”, “Sisaala”) that are slightly different from my native language(i.e. “Dagbani”) and cultures that
| am not entirely familiar with. Notwidthstanding the similarity in physical and human environment in
northern Ghana, | may be considered an outsider because | am not particularly a native of the Upper

West Region.

3.7 Conclusion

This chapter has elaborated on the methodological design of the research. The chapter outlined the link
between the methods in the two manuscripts integrated into this thesis. The chapter further described the
study design, data collection tools, sampling, and data analysis. Finally, this chapter highlighted the key
measures instituted throughout the research to ensure validity, reliability, generalization, and overall

robustness of findings.
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4: Livelihood Diversification Strategies and Resilience to Climate Change in Semi-arid
Northern Ghana

Climate change threatens the livelihoods of smallholder farmers in the Global South. In the semi-
arid regions of Ghana, where over 73% of the population is engaged in smallholder agriculture,
climate-induced food insecurity is of major concern. Livelihood diversification is acknowledged
to have the potential to improve climate resilience in smallholder farming systems through risk
spreading. That notwithstanding, little is known about the links between livelihood
diversification strategies and climate resilience in such vulnerable settings. Drawing data from a
cross-sectional survey with 1100 smallholder households in semi-arid northern Ghana, this study
contributes to the literature by examining the association between livelihood diversification and
climate resilience. Findings from logistic regression analysis revealed that smallholder farming
households that practiced only farm diversification (OR = 3.95; p<0.05) and a combination of
both farm and nonfarm diversification (OR = 5.77; p<0.01) had significantly higher odds of
reporting stronger resilience to climate change compared to those who did not employ any
diversification strategy. The study further revealed that land preparation techniques, source of
climate information and religion were significantly associated with smallholder household
farmers’ perceived climate change resilience. These findings point to the need for agricultural
policies to promote both farm and nonfarm livelihoods as complementary risk-spreading
strategies. Exploring the synergies between farm and nonfarm livelihoods may prove beneficial
in semi-arid agrarian contexts. In doing so, critical contextual dynamics such as source of farm

power and sources of climate information must not be overlooked.
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4.1 Introduction

Climate change is now recognized as a global emergency and societies worldwide are
taking urgent actions to adapt and build resilience (Intergovernmental Panel on Climate Change
[IPCC], 2014; Ludi et al., 2012). Climate change resilience generally refers to a system's ability
to absorb and recover from climate-related stresses (Adzawla et al., 2019; Holling, 1973; Folke,
2006). According to the IPCC, smallholder farmers in Sub-Saharan Africa (SSA) are
particularly vulnerable to climate change because of the extensive reliance on rainfed agriculture
and limited capacities to adapt (IPCC, 2014). Climate projections for SSA show that increasing
temperatures and erratic rainfall patterns will likely decrease crop production significantly,
which has critical consequences for food security and smallholder livelihood systems (Dumenu
& Obeng, 2016; IPCC, 2014; Boko et al., 2007). The IPCC (2014) acknowledges that current
adaptation strategies in SSA are insufficient to ensure agricultural systems' resilience to climate
change-related stress and risks. Therefore, it is vital to explore strategies for improving

livelihood adaptations and resilience among highly vulnerable populations across SSA.

Empirical research in the Ghanaian context demonstrates low resilience to climate

smallholder farmers who typically cultivate an average land of about 5 acres (Dapilah & Nielsen,
2019; Ghana Statistical Service [GSS], 2019). Smallholder farmers in semi-arid northern Ghana
depend primarily on rain-fed agricultural systems (Kuuire et al., 2013; Dapilah & Nielsen, 2019).
With increasing climate variability, the region is vulnerable to climate-induced food insecurity,
with about 30% of households already being food insecure (Nyantakyi-Frimpong, 2013;

Biederlack & Rivers, 2009). There have been efforts made by the Government of Ghana and
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other global partners to enhance food security, climate change resilience, and reduce poverty.
Such efforts include climate-smart agricultural interventions launched by the Food and
Agriculture Organization (FAO) in collaboration with the Government of Ghana to increase
resilience to climate change (FAQ, 2015). A relatively recent major policy intervention is the
Planting for Food and Jobs initiative that seeks to improve climate change resilience and food
security by facilitating farmers' access to inputs and extension services (Ministry of Food and
Agriculture [MoFA], 2019; Tanko et al., 2019). Despite these policy interventions, about 1.2
million people in Ghana are still food insecure, with approximately 60% in semi-arid northern
Ghana (MoFA, 2019). Among the diverse factors that explain the disproportionate food
insecurity situation in northern Ghana, climate variability is a central driver (Baada et al., 2020;
Dapilah & Nielsen, 2019). These underlying dynamics demonstrate the need to explore strategies

for building farmers' resilience to climate change as a pathway to improving food security.

Livelihood diversification and migration are acknowledged as key adaptation strategies in
response to climate change in smallholder farming contexts (e.g., see Adzawla et al., 2019;
Asravor, 2018; Bezner Kerr et al., 2016; Makate et al., 2016; Ellis, 1998). In rural contexts,
farmers' response to climate change is primarily shaped by the perceived impacts of climate
change. Climate change perceptions are based on indigenous knowledge systems gained through
longstanding experiences of rainfall patterns and temperatures and traditional climate indicators (
Nyantakyi-Frimpong and Bezner-Kerr, 2015; Orlove et al., 2010; Tschakert, 2007). In semi-arid
Ghana, smallholder farmers have reported climate change stress, including erratic rainfall,
increasing temperatures and prolonged periods of droughts (Lawson et al., 2020; Dapilah et al.,
2020). In response, smallholder farmers in semi-arid Ghana diversify their livelihoods as a form

of adaptation to ensure livelihood security (Niehof, 2004; Barrett et al., 2001; Ellis, 2000).
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Recent literature demonstrates the centrality of livelihood diversification in adapting to climate

change in semi-arid Ghana (see Lawson et al., 2020; Dapilah et al., 2020).

Generally, livelihood diversification entails engagement in diverse socio-economic
activities (Ellis, 1998). In smallholder farming settings, livelihood diversification is an essential
risk-spreading strategy. The fundamental rationale for livelihood diversification is that multiple
alternative livelihood activities (e.g. petty trading, hunting, and migration) can provide fall back
for the households in the event that the primary source of livelihood fails (Loison, 2015; Ellis,
1998). There is limited research on the relationship between livelihood diversification strategies
and resilience to climate change, especially among smallholder farmers in semi-arid contexts.
Haggblade et al. (2010) acknowledge that the relationship between livelihood diversification and
climate change resilience is complex and requires a more nuanced assessment. Discussions on
livelihood diversification in smallholder farming contexts mainly concentrate on diversification
outside the agricultural sector, with less emphasis on opportunities within farm livelihoods in
smallholder rural communities and synergies between these two livelihood strategies (Tsiboe et
al., 2016; Senadza, 2014; Dary & Kuunibe, 2012; Owusu et al., 2011). This study contributes to
the literature by exploring farm and nonfarm livelihood diversification strategies as
complementary activities in facilitating resilience to climate shocks among smallholder

households.

4.2 Theoretical framework

This paper draws insights from the literature on resilience, vulnerability and adaptation to
explore the association between livelihood diversification and farmer responses to climate

change. Resilience as a concept originated from ecology around the 1960s and early 1970s
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(Folke, 2006). The earliest studies on resilience focused on predator-prey relationships and the
implications for ecological stability (Folke, 2006; May, 1972; Holling, 1961). This
conceptualization emphasized a single equilibrium with fixed capacities of ecological systems
(Folke, 2006). The conceptualization of resilience was further extended to a multi-stable state
which focused on the resilience of systems not limited to a single equilibrium and stability, but
rather on variability and dynamism of ecosystems (Folke, 2006; Holling, 1961). Discussions of
resilience moved beyond ecological resilience to include social resilience. Social resilience
emphasized the capacity of human societies to withstand external shocks from environmental
variability (e.g. climate change and variability) and other socio-economic perturbations (Adger,
2000). Folke (2006) argued that resilience is not limited to the ability to withstand disturbances
but includes the opportunities presented by disturbances such as the rejuvenation of systems and
the emergence of new avenues for continual growth. Socio-ecological systems, therefore,
incorporate adaptation, learning and self-organization in addition to the ability to withstand
shocks (Folke, 2006). Carpenter et al. (2001) highlighted three main components of socio-
ecological resilience: (i) the amount of shock a system can absorb and remain functional, (ii) the
level to which the system is capable of self-organization, and (iii) the degree to which the system
can increase its capability for continual learning and adaptation. Resilience can be explored at
different levels including individual, household, community, and national levels (Folke, 2006;

Speranza et al., 2014).

In this study, we conceptualize smallholder farmer household resilience as a social-
ecological outcome involving the interaction of complex ecological, socio-economic, political
and cultural factors (Folke, 2006; Holling, 1973). Socio-ecological frameworks and indices that

are widely used to measure climate resilience are based on three fundamental capacities: capacity
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to prepare, capacity to recover and capacity to adapt (Jones et al., 2018; Jones & Tanner, 2015).
First, a household's capacity to be prepared emphasizes the household's ability to anticipate and
reduce the impacts of climate change and variability. Second, a household's capacity to recover is
the ability to absorb shocks (e.g., drought, floods, and other extreme climate events) and remain
functional. Finally, a household's capacity to adapt is the ability to adjust to stress using diverse

livelihood activities (Jones & Tanner, 2015; Folke, 2006).

Adaptation is an integral part of climate change resilience. Adaptation has evolved over
the years and is conceptualized differently in various disciplines (Thornton & Manasfi, 2010;
Smit & Wandel, 2006). Adaptation has its origins in biology, where it broadly refers to the
development of genetic or behavioural features to enable an organism to evolve and cope with
environmental stress (Thornton & Manasfi, 2010). In the social sciences, adaptation refers to the
process by which a person, household or community adjusts their social, economic and cultural
practices in response to environmental shocks (Smit & Wandel, 2006). Integrating biological and
social/cultural adaptation, the IPCC defines adaptation as adjusting to climate shocks to reduce
vulnerability and increase resilience (IPCC, 2014). Thornton & Manasfi (2010) argue that there
is an emphasis on 'planned’ adaptation, with much neglect of ‘autonomous adaptation' at local
levels in the climate discourse. Thornton & Manasfi (2010) raise critical questions about the
emphasis on what individuals, households and communities ought to rationally do to reduce
vulnerability to climate stress. Adaptation through 'technological fixes' has associated economic
and environmental shortfalls (Adger et al., 2003). Therefore, Adger et al. (2003) suggest that it is
central to understand successful local and traditional adaptation strategies among vulnerable
groups in the Global South, such as smallholder farmers who face the most significant risk of

climate change-related perturbations.
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Vulnerability is a differentiated experience given that multiple intersectional identities
may result in unequal susceptibilities among similarly marginalized and exposed populations
(Nyantakyi-Frimpong, 2019; Perreault et al., 2015; Nightingale, 2011). For instance, a poor
household may have influential members (e.g. community leaders and or educated persons) who
likely have access to early warning information, thereby facilitating their capability to be
proactive in response to climate shocks, making such households more resilient (Kerr et al.,
2016; Folke, 2006). Household vulnerability is counterbalanced by household capabilities,
including preparedness, response and recovery, broadly termed resilience (Wisner et al., 2012;

Cutter et al., 2003).

In smallholder contexts, livelihood adaptation through diversification is increasingly
promoted to reduce climate vulnerability (Scoones, 1998). The motives for diversifying
livelihoods outside primary subsistence farming can be primarily categorized into ‘pull’ and
'push’ motives (Ellis, 2000b). With regard to ‘pull’ motives, households may diversify their
livelihoods to take advantage of other lucrative ventures that could increase their household
income (Haggblade et al., 2007). However, ‘push’ motives for diversification are mainly due to
crucial needs for survival. According to Scoones (1998), ‘push-motivated’ livelihood
diversification may help cope with short-term stress or long-term adaptation and either to a wide
range of shocks or specific shocks. Amid the climate emergency and the devasting effects on
smallholder livelihoods such as crop and market failures, diminishing returns of land and/or
labour, and food insecurity, smallholder farmers are often compelled to diversify their
livelihoods for survival (Atuoye et al., 2019). Livelihood adaptation strategies are concurrent
processes that ought to be conceptualized holistically (Thornton & Manasfi, 2010). Smit et al.

(2000) presented a practical conceptualization of livelihood adaptation based on (i) who/what has
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to adapt? (ii) What do they have to adapt to? and (iii) how do they adapt? In this context, the

'‘who' refers to the smallholder farmer, ‘what' they have to adapt to is climate shocks (drought,

flood, erratic rainfall) and 'how' they adapt is through livelihood diversification. Livelihood

diversifications are broadly categorized by sector (farm/agricultural and nonfarm/non-

agricultural), by function (self-employment and wage employments) and by location (on-farm

and off-farm) (Barrett et al., 2001; Ellis, 1998; Saith, 1992). Detailed descriptions are shown in

Table 4. 1.

Table 4. 1: Classifications of smallholder household livelihood diversification strategies.

Classification Category Description
By Sector Farm Includes livelihood activities that involve the production
(Agricultural)  of unprocessed crops (i.e., outside primary subsistence
crop production), livestock, poultry, vegetable gardening,
fish and gathering natural products from farms. Sales of
farm produce are considered part of farm diversifications.
This involves the cultivation of high-value crops that
smallholder farmers do not typically cultivate.
Nonfarm (Non- This comprises all livelihood activities outside primary
Agricultural) agricultural production. This includes small-scale mining,
formal jobs, petty trading, agro-processing, trading in
agricultural unprocessed produce and animals, grocery
stores, and remittances.
By Function Wage This classification is centered on the relationship between
employment employer and employee. In this category, the employee
trades their labour to the employer for a wage.
Self- Involves the utilization of one's labour as opposed to
employment selling it to another person. Individuals earn an income
themselves through the activities they engage in.
By Location On-farm Livelihood activity takes place on the farm. This may

include; crop and livestock production, fishing, hunting,
gathering shea fruits and other natural edible or medicinal
products.
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Off-farm This includes livelihood activities that take place entirely
outside the farm (as a place). This also includes all
nonfarm livelihood activities

Notes: This table is adopted from Barrett et al. (2001); Ellis (1998); Haggblade et al. (2010);
Loison (2015). The classification by sector uses standard national accounting systems.
Classification by location is a function of where the livelihood takes place and classification by
function is centered on the compensation of labour (Loison, 2015).

In the context of smallholder communities, categorization of livelihood diversification by
sector presents a more comprehensive and clear distinction between primary agricultural
production and non-agricultural production livelihoods as it uses classifications based on the
standards of national accounting systems (Loison, 2015). Therefore, we used the categorization
of livelihoods by sector to understand the role of farm and nonfarm livelihoods in smallholder

resilience to climate change.

4.3 The study setting

Semi-arid northern Ghana is part of the Guinea Savanna ecological zone of the country,
comprising the Northern, Upper East, Upper West, Savanna, and North East administrative
regions. The Upper West Region was used as a case study (Figure 4.1). Upper West Region has a
total population of 702,110 and covers a land area of 18,476 km? (GSS, 2019). The main
economic livelihoods of people in Upper West Region are highly dependent on agricultural
activities. About 73% of the economically active population are engaged in diverse livelihood
activities in the agricultural chain (GSS, 2013). The region is the most impoverished in Ghana,
partly due to political neglect in development since the colonial era and poor education (Yaro,

2013; Songsore, 2003).
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Figure 4. 1: Map of Upper West Region

The Upper West Region is the driest part of Ghana and has a single cultivation season per
year. The region is projected to become drier as global temperatures increase and precipitation
decrease (Riede et al., 2016). The Upper West Region typically has two seasons, the rainy season
from April to October and the dry season from November to March. The region has a mean
minimum and maximum precipitation of 840mm and 1400mm, respectively (Ghana Statistical
Service, 2013). However, annual precipitation which tends to be concentrated from June-

September has become irregular with shifting rainfall patterns (Adiku et al., 2017; Ghana
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Statistical Service, 2013). The shifting pattern in precipitation is characterized by torrential
downpour, which facilitates surface run-off and impedes soil moisture retention (Ghana
Statistical Service, 2013). The region has an average temperature of about 28° C, with a
temperature increase of about 1.7° C in the last five decades and is projected to increase by 3° C
by 2050 (Adiku et al., 2017). Evapotranspiration in the region is estimated to have increased by
22% within three decades, affecting soil moisture retention (Adiku et al., 2017). The erratic
rainfall patterns, increasing temperatures, low soil moisture retention and droughts present a
significant challenge to smallholder farming in the region (Adiku et al., 2017; Ghana Statistical
Service, 2013). The changing environmental conditions result in increased migration to the
Brong Ahafo Region, where evidence now suggests increasing pressure on farmlands in that
region (Kuuire et al., 2013; Luginaah et al., 2009). It is imperative to understand how farmers in
the Upper West region sustain their livelihoods for potential policy intervention, amid climate

change and variability.

4.4 Methods

4.4.1 Data collection

This paper draws data from the Farmer Livelihoods and Agricultural Production (FLAP)
cross-sectional survey conducted in the Upper West Region from July to August 2019. A
multistage sampling technique was used to sample smallholder farmers (n = 1100). Purposive
non-probabilistic sampling was first used to select three districts (Nadowli-Kaleo, Lawra, and
Wa West) in the region. Simple random sampling was used to sample communities/villages in
each of the three districts. Systematic sampling was further used to select household units in the

study area. Every fifth house was selected for the survey. The survey covered thematic areas of
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smallholder farmers livelihoods including; smallholder demographics, agricultural production,
household expenditure, housing, household assets, access to credit, livelihood activities, gender
relations, food security, adaptive capacity and perceived climate resilience. Ethical approval was

granted by the Non-Medical Research Board of the University of Western Ontario, Canada.

4.4.2 Measures

The dependent variable (i.e., climate change resilience) is derived from questions where
smallholder farming households rated their ability to anticipate, adapt and recover from climate-
related stresses (i.e., drought, flood, erratic rainfall, storm surge) that they experienced in the last
12 months preceding the survey. Smallholder households were required to rate their ability to
withstand climate shocks and stress by indicating as either 0 = poor, 1 = satisfactory and 3 =
good. We, therefore, used smallholder households' self-reported measure of resilience to climate
change. Notwithstanding the wide use of objective resilience measures using secondary data, we
used a subjective measure of resilience using primary survey data. Jones & Tanner (2015) argue
that households have a good understanding of the factors that contribute to their ability to
anticipate, recover and adapt to stress. Also, in many developing countries, a lack of secondary
data, particularly in rural settings (Oriangi et al., 2020; Jones & Tanner, 2015), means that using
objective measurements of resilience can be challenging. Jones & Tanner (2015) argue that aside
from the data limitations, objective measurement creates room for bias in the choice of indicators
and the inability to measure less tangible processes that affect household resilience and
adaptation. Consequently, subjective measurement of perceived household resilience has been
used in measuring resilience in rural contexts (Oriangi et al., 2020; Jones et al., 2018; Jones &

Tanner, 2015).

65



The focal independent variable is livelihood diversification. A preset list of the common
livelihood strategies in the study context were outlined in the survey and respondents were asked
whether they engaged in each of these livelihood activities or not. We identified 17 different
livelihoods which smallholder farmers were engaged in; petty trade, remittance, formal salary,
fishing, small-scale mining, livestock trading, cash crop, hunting, gathering herbs, gathering shea
nuts, pito/alcohol brewing, owning grocery store etc.). Each livelihood was coded as a binary
response (i.e., 1 = yes and 0 = no). These livelihoods were further categorized into 0 = no; 1 =
farm; 2 = nonfarm; and 3 = both farm and nonfarm livelihood diversifications, following Ellis

(1998), and Loison (2015).

For the analysis, theoretically relevant predictors of resilience to climate change from the
sustainable livelihood and vulnerability literature were included. These variables include age (0
= less than 20, 1 = 20-24, 2 = 25-29, 3 = 30-34, 4 = 35-39, 5 = 40-44, 6 = 45-49, 6 = 50 and
above); gender (0 = male, 1 = female); household size (0 = 1-4,1 =5-7,2=8-11,3 =12 and
above); education (0 = tertiary , 1 = no formal, 2 = primary, 3 = secondary); marital status (0 =
married, 1 = single, 2 = widowed/divorced); religion (0 = Christian, 1 = Muslim, 2 =
traditionalist); credit (0 = no access 1 = formal, 2 = informal); farm power (0 = tractor, 1 =
animal, 2 = manual); family structure (0 = extended family, 1 = nuclear family, 2 = family
without husband, 3 = family without wife); decision making (0 = only male household head, 1 =
only female household head, 2 = joint household); cropping practice (1 = monocropping, 2 =
multiple cropping); climate information (0 = personal, 1 = local community, 2 = external
experts); and wealth (0 = richest, 1 = richer, 2 = middle, 3 = poorer, 4 = poorest). Household
wealth categories were created from a composite index using the number of household assets

such as vehicle, TV, tractor, fridge, mobile, hoe and radio.
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4.4.3 Analysis

The survey data was analyzed in R-studio. Descriptive statistics were computed for all
variables to understand the dependent and independent variables' distribution across the sample.
A bivariate proportional odds logistic model was first computed between each covariate and the
outcome variable (resilience), followed by a nested multivariate proportional odds logistic model
controlling for individual, household and farm level factors. The nature of the outcome variable
(poor, satisfactory and good) informed the regression model choice. We checked for
multicollinearity in the regression model using Variable Inflation Factor (VIF). All VIF values
for the variables were less than 2.0, which indicates that variables used in the multivariate
regression model are not highly correlated. The results of the regression models are shown in
odds ratios (OR). The equation for the ordered/proportional odds logistic regression model is

given as;

P(Yij<1)

p—1
lOgm =ag+ Zkzl(ajk Xijk + Vij'C =1,...0—- 1) ....................................... 2

Where P(Yij < 1) indicates the probability that an event (e.g. a household reports good resilience
as opposed to satisfactory or poor) will occur. The probability that the event will not occur is
represented by (1 - P(Yij <1). Explanatory variables are Xijk, (k=1) is the first explanatory
variable and (p—1) is the last explanatory variable. Vij is the error term in the logistic model, ao

and Q - 1 are the intercept terms, and ajk is the coefficient term (Hedeker et al., 2000).
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4.5 Results

Table 4.2 shows findings from the univariate analysis. About 47% of households rated
their resilience to climate change as good, 27% rated their resilience to climate change as
satisfactory and 26% rated their resilience to climate change as poor. Petty trade (about 44%)
was the highest reported livelihood activity. Other major livelihood activities included owning
businesses (28%), pito/alcohol brewing (21%), casual labour (20%), cash crops (19%), livestock
trade and products (22%), and formal salary (14%). Generally, households were observed to be
increasingly engaging in alternative livelihood adaptations aside from regular subsistence
farming. More than half (75%) of households were engaged in only nonfarm diversification, 6%
were engaged in only farm diversification, about 23% were engaged in both farm and nonfarm
diversification. About 52% of participants were male and 48% were female (Table 4.2). More
than two-thirds of participants had no formal education. The majority of participants were
married (82%). The respondents were predominantly Christians (61%), with 22% and 17% being
Traditional believers and Muslims, respectively. The mean farm size was 4.9 acres. More than
half of the smallholder households ploughed their farms using tractors, while 20% ploughed
manually and only 3% used animals. About 75% of the households reported that only the male

household head made household decisions.
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Table 4. 2: Descriptive statistics of smallholder livelihoods and climate resilience in semi-arid

northern Ghana.

Variables Percentages (%) No. of Response
Poor 26 282
Climate Change Satisfactory 27 301
Resilience Good 47 517
None 1 15
Livelihood diversification | Only Farm 6 65
Only Nonfarm 70 771
Farm and Nonfarm 23 249
<20 1 11
Age 20-24 6 66
25-29 8 86
30-34 10 107
35-39 16 180
40-44 15 167
45-49 18 198
50 and above 26 285
Gender Male 52 567
Females 48 533
Married 82 908
Marital Status Single 12 128
Divorced/widowed 6 64
Christian 61 676
Religion Muslim 17 186
Traditional 22 238
Tertiary 4 47
Education No Formal 67 739
Primary 17 184
Secondary 12 130
1-4 16 175
Household Size 5-7 45 496
8-11 27 296
Above 12 12 126
Extended 27 296
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Family Structure
Nuclear 70 762
Family without husband 2 26
Family without wife 1 15
Richest 19 206
Richer 17 190
Wealth Middle 22 248
Poorer 22 238
Poorest 20 218
No Credit 54 597
Source of Credit Formal 36 390
Informal 10 113
Only Male Household 75 830
Decision Making Head
Only Female Household 9 93
Head
Joint Household 16 177
Personal Experience 21 232
Climate Information Local Community 62 683
External Experts 17 185
Farm size 4.91 (mean) Min =0, Max = 30
Tractors 77 852
Source of Farm Power Animal 3 31
Manual 20 217
Cropping Practice Monocropping 47 511
Multiple cropping 53 584

Source: 2019 FLAP Survey, Upper West Region, Ghana.

Evidence of climate change impacts from the perspective of farmers is important for
discussion of livelihood diversifications. Table 4.3 summarizes the relationship between farmers’
perceptions and experiences of climate change and livelihood diversification. Data from Table
4.3 indicates that almost all (99%) households that had experienced climate variability and

change over the past 12 months preceding the survey diversified their livelihood outside primary
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crop production. Interestingly, most diversifications were nonfarm. For example, farmers that
experienced drought in the past 12 months preceding the survey diversified into farm (12.5%, y?
=p < 0.001), nonfarm (49.12%, »?> = p < 0.001) and both farm and nonfarm (38.16%, »?> = p <
0.001) activities. Similarly, farmers that perceived climate change and variability to be a top
priority relative to other socio-ecological challenges in Upper West diversified into farm (3.82%,
22 =p <0.001), nonfarm (84.73%, y> = p < 0.001) and both farm and nonfarm activities (11.07%,
%% =p <0.001). Table 4.3 clearly shows that smallholder farmers’ perceptions and experience of
climate change and variability form the basis for livelihood diversification in the Upper West, as

growing literature also continue to demonstrate (Dapilah & Nielsen, 2019; Asravor, 2018).

Table 4. 3. Farmers’ perceptions and experiences of climate variability and change and
livelihood diversification (n=1100)

Climate Change Experience and Livelihood diversification (%)
Perceptions None Only Farm Only Both farm X
nonfarm | and nonfarm

Experienced severe drought in the 0.22 12.50 49.12 38.16 Fhx
last 12 months

Experienced severe flooding in the - 18.99 21.52 59.49 Fhx
last 12 months

Experienced storm surge in the last - 10.40 51.24 38.36 foleiel
12 months

Experienced erratic rainfall in the - 4.69 79.30 16.01 **

last 12 months

Farmer rates climate variability 0.38 3.82 84.73 11.07 falahed
and change as a top priority
relative to other socio-ecological
problems in the Upper West
Region

Source: 2019 FLAP Survey, Upper West Region, Ghana; **p <0.01, *** p <0.001
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Results from the bivariate analysis are shown in Table 4.4. The study revealed that
households that diversified into only farm (OR = 7.30; p<0.001) livelihood adaptations were 7
times more likely to rate their resilience to climate change as good compared to those who did
not diversify into any livelihood activity. Similarly, households that diversified into both farm
and nonfarm (OR = 9.92; p<0.001) livelihoods were almost 10 times more likely to rate their
resilience to climate change as good compared to households that did not diversify. Individual-
level factors such as age, marital status, religion and education of the primary household farmer
were significantly related to household resilience to climate change. For example, households
where the primary farmer was single (OR = 1.88; p<0.001) had higher odds of rating their
resilience to climate change as good than households where the primary farmer was married.
Households where the primary farmer practiced Traditional African Religion (OR = 4.45;
p<0.001) or Islam (OR = 1.62; p<0.001) had higher odds of rating their resilience to climate
change as good compared to households where the primary farmer practiced Christianity. At the
household level, households with access to formal (OR = 2.13; p<0.001) and informal (OR =
1.80; p<0.01) sources of credit were more likely to report good resilience than households with

no access to credit.
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Table 4. 4: Bivariate ordered logistic regression of predictors of smallholder households’

resilience to climate change

Covariates OR(SE) Cl
Livelihood diversification (ref: None)

Only Farm 7.30(0.602)*** 2.244 - 23.768

Only Nonfarm 0.66(0.508) 0.243 - 1.776

Farm and Nonfarm 9.92(0.538)*** 3.454 - 28.512
Age (ref: 18-25)

20-24 2.35(0.655) 0.651 - 8.495

25-29 1.7(0.638) 0.486 - 5.935

30-34 1.82(0.630) 0.527 - 6.245

35-39 2.42(0.622) 0.717 - 8.197

40-44 2.45(0.623) 0.723 - 8.317

45-49 1.59(0.620) 0.473-5.371

50 and above 0.87(0.615) 0.262 - 2.920
Gender (ref: Male)

Females 1.2(0.113) 0.965 - 1.502
Marital Status (ref: Married)

Single 1.88(0.193)*** 1.289 - 2.746

Divorced/widowed 0.58(0.235)* 0.367 - 0.922
Religion (ref: Christian)

Muslim 1.62(0.153)*** 1.202 - 2.190

Traditional 4.45(0.158)*** 3.264 - 6.068
Education (ref: Tertiary)

No Formal 1.14(0.309) 0.622 - 2.086

Primary 0.56(0.295) 0.315-1.003

Secondary 1.46(0.270) 0.859 - 2.474
Household Size (ref: 1-4)

5-7 1.3(0.164) 0.941-1.791

8-11 1.87(0.179)*** 1.317 - 2.659

Above 12 2.29(0.222)*** 1.482 - 3.539
Family structure (ref: Extended)

Nuclear 0.99(0.127) 0.772-1.272

Family without husband 0.61(0.365) 0.300 - 1.251

Family without wife 1.29(0.503) 0.481 - 3.461
Wealth (ref: Richest)

Richer 1.07(0.187) 0.743 - 1.545

Middle 1.06(0.177) 0.752 - 1.506

Poorer 2.02(0.178)*** 1.424 - 2.863

Poorest 6.7(0.206)*** 4.473 - 10.036
Source of Credit (ref: No Credit)

Formal 2.13(0.123)*** 1.678-2.714

Informal 1.8(0.190)** 1.239-2.611
Decision Making (ref: Only Male Household Head)

Only Female Household Head 0.87(0.201) 0.587 - 1.291

Joint Household 1.38(0.167) 0.991 - 1.907
Climate Information (Ref: Personal Experience)

Local Community 2.93(0.151)*** 2.180 - 3.948

External Experts 0.2(0.214)*** 0.134 - 0.310
Farm size 0.99(0.011) 0.966 - 1.010
Source of Farm Power (ref: Tractors)

Animal 0.91(0.356) 0.455 - 1.833

Manual 4.14(0.170)*** 2.971-5.782



Cropping Practice (ref: Monocropping)
Multiple cropping 0.52(0.114)*** 0.419 - 0.656

* p<0.05, ** p<0.01, *** p<0.001 OR = Odds Ratio, SE = Standard Error, Cl = Confident interval

Also, households with 8-11 (OR = 1.87; p<0.001) and above 12 (OR = 2.29; p<0.001)
members were more likely to report good resilience than households with 1-4 members.
Regarding farm level factors, households that used manual tools (OR = 2.99; p<0.001) as a
source of farm power were more likely to report good resilience than households that used

tractors.

4.5.1 Multivariate analysis

Results of the multivariate regression analysis is shown in Table 4.5. We first controlled
for individual level factors of the primary farmer and the result was mostly consistent with the
bivariate analysis. The results showed that households that diversified into only farm (OR =
4.13; p<0.05) and both farm and nonfarm (OR = 5.65; p<0.001) livelihood adaptations were more
likely to rate their resilience to climate change as good than households that did not diversify.
This is reiterated in the marginal effect plots in Figure 4.2. After controlling for household level
factors, households that diversified into both farm and nonfarm (OR = 3.17; p<0.05) livelihood
adaptations remained more likely to rate their resilience to climate change as good (as reinforced
in Figure 4.3) compared to households that did not diversify their livelihood. However, only
farm livelihood adaptations were not significant in model 2. Lastly, we controlled for farm level
factors. Households that diversified into only farm (OR = 3.95; p<0.05) livelihood adaptations
were about 4 times more likely to rate their resilience to climate change as good compared to

households that did not diversify. Also, households that diversified into both farm and nonfarm
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(OR =5.77; p<0.01) livelihoods were about 6 times more likely to rate their resilience to climate
change as good compared to households that did not diversify. Figure 4.4 shows the predicted
marginal effects of livelihood diversification adjusting for all other independent variables. It
shows that, households that diversified into both agricultural and non-agricultural activities have
the highest probability of rating their resilience to climate change as good, followed by those

who diversified into only agricultural livelihoods.

Poor Satisfactory Good

Resilienece(Probability)

None Agric Non Agric Both Mone Agric Non Agric Both Mone Agric Non Agric Both
Livelihood Diversification

Figure 4. 2: Predicted probabilities of household resilience (95% confidence interval) adjusting
for demographic factors (age, gender, marital status, and education).
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Poor Satisfactory Good

Resilienece(Probability)

None Agric Non Agric Both MNone Agric Non Agric Both
Livelihood Diversification

Figure 4. 3: Predicted probabilities of household resilience (95% confidence interval) adjusting
for demographic factors (age, gender, marital status, and education) and household level factors
(household size, household structure, wealth, credit source, climate information).

Poor Satisfactory Good

v

None Agric Non Agric Both MNone Agric Non Agric Both MNone Agric Non Agric
Livelihood Diversification

Resilienece(Probability)

Figure 4. 4. Predicted probabilities of household resilience (95% confidence interval) adjusting
for demographic factors (age, gender, marital status, and education), household level factors
(household size, household structure, wealth, credit source, climate information) and farm-level

factors (farm size, farm power, crop practice).
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In the final model (as shown in Table 4.5), there were other significant predictors of
smallholder household resilience worth mentioning. Households where the primary farmer
practiced African Traditional Religion (OR = 1.76; p<0.01), were more likely to rate their
resilience as good compared to households where the primary farmer was a Christian. Results
also indicated that education was significantly related to household resilience. Households where
the primary farmer had attained only primary education (OR = 0.45; p<0.05) had lower chances
of rating their resilience as good compared to households where the primary farmer attained
tertiary education. Smallholder households that used manual (OR = 4.48; p<0.001) farm power
were more likely to rate their resilience as good compared to households that used tractors. Also,
households that received climate information from their local community (OR = 2.10; p<0.001)
were more likely to rate their resilience as good compared to households that relied on their
personal experience. However, smallholder households that received climate information from

external experts (OR = 0.27; p<0.001) were less likely to rate their resilience as good.
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Table 4. 5: Multivariate ordered logistic regression of predictors of smallholder households’ resilience to climate change.

Covariates Model 1 Model 2 Model 3
OR(SE) Cl OR(SE) Cl OR(SE) Cl
Livelihood diversification (ref:
None)
Only Farm 4.13(0.629)* 1.202 - 14.161 | 2.48(0.644) 0.701 - 8.765 | 3.95(0.686)* 1.028 - 15.141
Only Nonfarm 0.49(0.529) 0.172-1.367 | 0.41(0.541) 0.141-1.176 | 0.7(0.588) 0.221 - 2.217
Farm and Nonfarm 5.65(0.560)***  1.884 -16.931 | 3.17(0.579)* 1.018-9.863 | 5.77(0.626)** 1.692 - 19.672
Age (ref: < 20)
20-24 2.95(0.704) 0.743 - 11.722 | 2.23(0.768) 0.496 - 10.060 | 2.07(0.801) 0.431 - 9.955
25-29 2.49(0.699) 0.634 - 9.808 | 1.82(0.765) 0.406 - 8.159 | 1.82(0.801) 0.379 - 8.752
30-34 3.48(0.720) 0.848 - 14.250 | 2.39(0.793) 0.506 - 11.308 | 2.14(0.826) 0.423 - 10.786
35-39 3.01(0.713) 0.744 - 12.189 | 1.76(0.785) 0.378 -8.201 | 1.76(0.818) 0.353-8.733
40-44 2.42(0.720) 0.590-9.917 | 1.67(0.790) 0.355-7.869 | 1.74(0.825) 0.347 - 8.780
45-49 1.93(0.714) 0.475-7.813 | 1.45(0.786) 0.311-6.758 | 1.41(0.821) 0.282 - 7.059
50 and above 1.12(0.713) 0.278 - 4.541 | 0.95(0.782) 0.204 - 4.385 | 1.03(0.818) 0.206 - 5.099
Gender (ref: Male)
Females 1.25(0.133) 0.959 - 1.617 | 0.96(0.152) 0.716 - 1.298 | 1.01(0.156) 0.746 - 1.374
Marital Status (ref: Married)
Single 2.62(0.270)*** 1.546 - 4.449 | 2.37(0.289)** 1.346 - 4.172 | 1.93(0.297)* 1.079 - 3.456
Divorced/widowed 1.06(0.269) 0.628 - 1.800 | 0.92(0.341) 0.474 -1.806 | 0.79(0.357) 0.392 - 1.587
Religion (ref: Christian)
Muslim 1.08(0.172) 0.772-1.511 | 1.01(0.185) 0.704 - 1.455 | 1.28(0.191) 0.883 - 1.867
Traditional 2.39(0.186)*** 1.660 - 3.443 | 1.68(0.202)* 1.130 - 2.495 | 1.76(0.208)** 1.173 - 2.648
Education (ref: Tertiary)
No Formal 0.91(0.341) 0.469 - 1.782 | 0.78(0.370) 0.378-1.610 | 0.7(0.373) 0.335-1.444
Primary 0.49(0.318)* 0.263 - 0.915 | 0.55(0.348) 0.279 - 1.094 | 0.45(0.352)* 0.228 - 0.905
Secondary 0.99(0.304) 0.547-1.798 | 0.93(0.329) 0.490-1.781 | 0.78(0.333) 0.407 - 1.504
Household Size (ref: 1-4)
5-7 0.8(0.202) 0.535-1.181 | 0.9(0.209) 0.600 - 1.359
8-11 0.75(0.241) 0.471-1.210 | 0.98(0.251) 0.599 - 1.603
Above 12 0.71(0.319) 0.382-1.336 | 1.05(0.339) 0.542 - 2.043
Family structure (ref: Extended)
Nuclear 1.19(0.179) 0.839-1.692 | 1.31(0.184) 0.909 - 1.873
Family without husband 1.12(0.481) 0.436 - 2.873 | 1.11(0.500) 0.418 - 2.966
Family without wife 0.68(0.679) 0.180-2.576 | 0.67(0.715) 0.166 - 2.737
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Wealth (ref: Richest)
Richer
Middle
Poorer
Poorest

Source of Credit (ref: No Credit)

Formal
Informal

Decision Making (ref: Only Male

Household Head)
Only Female
Household Head
Joint Household
Climate Information (Ref:
Personal Experience)
Local Community
External Experts
Farm size
Source of Farm Power (ref:
Tractors)
Animal
Manual
Cropping Practice (ref:
Monocropping)
Multiple cropping

Pseudo R2

Akaike Information Criteria
(AIC)

Log likelihood

0.3506704
1962.855

-961.4276

1.03(0.217)
0.98(0.207)
1.64(0.215)*
3.11(0.255)***
0.69(0.172)*
1.00(0.231)
1.37(0.287)
1.29(0.209)

1.91(0.189)***
0.24(0.235)***

0.4536371
1842.992

-885.4962

0.673 - 1.573
0.653 - 1.469
1.073 - 2.497
1.888 - 5.137

0.496 - 0.974

0.633 - 1.567

0.780 - 2.406

0.858 - 1.944

1.319 - 2.767
0.150 - 0.377

1.12(0.222)
0.96(0.213)
1.61(0.222)*
3.12(0.269)***
1.03(0.183)
1.36(0.240)
1.08(0.297)
1.12(0.216)
2.1(0.201)***

0.27(0.241)***
0.94(0.036)

0.87(0.466)
4.48(0.218)***
1.42(0.166)*

0.504577
1767.873

-843.9365

0.728 - 1.739
0.631 - 1.455
1.039 - 2.484
1.843 -5.281

0.719-1.474

0.849 - 2.176

0.604 - 1.936

0.732-1.707

1.419-3.121

0.169 - 0.435
0.876 - 1.010

0.349 - 2.172
2.919 - 6.867

1.021-1.961

* p<0.05, ** p<0.01, *** p<0.001

OR = Odds Ratio, SE = Standard Error, Cl = Confident interval
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4.6 Discussions

The study explored the relationship between smallholder livelihood diversification strategies and
climate change resilience. Our study particularly contributes to the empirical knowledge gap in the role
of farm and nonfarm livelihood diversification strategies in resilience to climate change in smallholder
communities. Notwithstanding the link between livelihood diversification and climate adaptation and
resilience in agrarian communities, the role livelihood diversification strategies play in climate
adaptation and resilience has not been fully explored (Haggblade et al., 2010). Livelihood diversification
has been viewed to be beneficial when diversification is completely outside agriculture. Studies have
demonstrated that nonfarm livelihood diversification is a beneficial risk diversification strategy ( see
Dapilah et al., 2020; Barrett et al., 2001; Haggblade et al., 2007; Tsiboe et al., 2016). We offer an
alternate empirical narrative to understanding the risk-spreading role of livelihood diversification. We
demonstrate that farm and nonfarm livelihoods are concurrent and complementary livelihood strategies
that may facilitate inflow of resources between the two livelihood adaptations, especially in resource-
constrained settings like semi-arid Ghana. Farm and nonfarm livelihoods are not mutually exclusive,
thus exploring the synergies between farm and nonfarm livelihoods may prove beneficial in agrarian
context. More so, this study offers a nuanced understanding of the role of farm livelihood diversification
in climate change resilience. Our findings suggest that households diversifying into both farm and
nonfarm livelihoods have higher odds of good resilience to climate change in the context of smallholder

communities.

The positive role farm livelihood diversification play in smallholder farmers’ resilience to
climate change may be explained by the longstanding reliance of rural livelihoods on the agrarian
economy in semi-arid Ghana. Smallholder livelihoods are primarily dependent on the production and

trade of agricultural goods and other ecosystem services, for which reason, farm diversification
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strategies can help ensure risk spreading. Growing demand for high-value food such as fruits,
vegetables, meat, fish and eggs in both urban and peri-urban areas presents opportunities for smallholder
farmers to diversify into alternative farm-based livelihoods such as fishing, livestock rearing and
vegetable gardening for additional income (Joshi et al., 2007; Barghouti et al., 2004). Notwithstanding
the importance of nonfarm livelihoods, the relatively capital-intensive requirement of nonfarm
livelihoods (Barrett et al., 2001; Reardon, 1997) may render them less beneficial in poverty-stricken
rural settings like semi-arid northern Ghana. Amid scarce capital in smallholder rural communities and
the urgent need for adaptation, diversification into farm activities may offer more prospects for
livelihood security in agrarian rural communities. The study further revealed that households that
diversified into both farm and nonfarm livelihoods had the best chance of being resilient to climate
change stresses, reinforcing the idea of complementarity, rather than competitive nature of farm and
nonfarm livelihoods. Our findings concur with Babatunde (2013) and Pfeiffer et al. (2009), who
demonstrate that the impact of nonfarm livelihoods on household livelihood security depends on whether
it complements farm livelihoods or substitutes it. Concurrent diversification into farm and nonfarm
livelihoods facilitate the inflow of resources between the two livelihood adaptations. Amid inaccessible
capital from financial institutions in smallholder communities in Ghana (Abdallah, 2016; Twumasi et al.,
2019), the intensive capital requirements of nonfarm livelihoods could in part, be satisfied by the inflow
of capital from farm livelihood activities. Symbiotically, nonfarm livelihoods can provide capital for
farmers to invest in short-term coping (e.g. purchase of fertilizer, seed, pesticide) or long-term (e.g.
investment in irrigation, improved crop varieties) adaptation strategies (Pfeiffer et al., 2009). However,
in rural communities where livelihood and economic activities are heavily dependent on agriculture,
nonfarm diversification could adversely impact livelihood and economic growth if households decide to

abruptly migrate outside agriculture entirely (Pfeiffer et al., 2009). Thus, in smallholder farming
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communities, synchronized diversification into farm and nonfarm diversification may enhance synergies

to facilitate climate change adaptation and resilience.

The study also revealed that households that used manual tools such as hoes and cutlass for
ploughing their farms had higher chances of reporting good resilience to climate change compared to
households that used tractors. This finding reinforces the mechanization paradox in Ghana highlighted
by Kansanga et al. (2019), which suggests that traditional agriculture, which is characterized by the use
of manual tools such as hoes and cutlass promotes the cultivation of a wide range of traditional crops
compared to tractor use which has been confined to maize monoculture. The use of tractors may further
disrupt women's alternative livelihoods, such as gathering shea nuts as tractor use facilitates the
widespread removal of major trees, including trees with livelihood significance in the northern savannah
(Kansanga et al., 2019; Yaro, 2013). Therefore, using tractors may impede household capacity to adapt
by limiting the range of crops cultivated and increasing the depletion of vital alternative livelihood
activities like shea processing. Similarly, the study found that the poorer and poorest household were
surprisenly more likely to have good resilience to climate change compared to the richest. This maybe
explained by the fact that, in smallholder communities, wealth is not the only mediator of resilience to
climate change. Other factors such as indigenous knowledge systems and farm practices influence
farmers response to climate change and other environmental stressors (Ajani et al., 2013). Impoverished
smallholder households who are engaged in agroecological practices with indigenous farming tools and

knowledge maybe better adapted to environmental stressors (Kansanga et al., 2019).

Also, single people were more likely to be resilient to climate change than married people. This
finding may be explained by the differences in dependency burden between single individuals and
married couples. In northern Ghana, the household heads are usually the sole breadwinners of the family

(Nyantakyi-Frimpong et al., 2019). Thus, given the same resources, umarried people (i.e., without
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dependents) may have more resources available for effective adaptation strategies compared to married

people with dependents.

The findings further show that religion was a significant predictor of resilience. This is consistent
with Golo and Yaro (2013), and Nyantakyi-Frimpong (2020), who argue that climate change policy has
been far driven by 'technological fixes' with the neglect of religious and traditional indigenous
knowledge and practices. However, the views of devout religious leaders significantly affect climate
change adaptation strategies. It is no doubt that Traditional African religion practitioners were found to
be more likely to report good resilience compared to Christians. Traditional African religion is the
foundation of all forms of social metabolism in Africa, including agriculture (Granderson, 2017). Since
prehistoric times, smallholder agriculture has been founded on traditional knowledge systems, passed
down from generation to generation. Indeed, empirical research shows that traditional knowledge
systems are well adapted to the local environment and are relatively effective in addressing climate
change (Savaresi, 2018; Granderson, 2017; Janif et al., 2016). Smallholder farmers who hold these
traditional beliefs may, therefore, be better adapted to environmental changes. Traditional agricultural
societies also have beneficial social norms like labor sharing, which can promote climate change
adaptation (Adimassu & Kessler, 2016). For instance, communal labor sharing practices enable
smallholder farmers to plant timely to avoid crop failure. Traditional African believers also had more
household farm labor, which may be attributed to their practice of polygamy. High household farm labor

may translate to an increase in 'Total Factor Productivity'.

Related to the role of traditional knowledge in climate change adaptation, we found that
households that relied on climate information from local communities had higher chances to be resilient
to climate change. The role of local climate information in smallholder households' resilience to climate

change could be explained by the importance of indigenous traditional knowledge and practices in
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coping with environmental change and shocks. Smallholder farmers in SSA have coevolved with
environmental changes for decades and have devised coping strategies to environmental shocks
including the prediction of weather variability (Ajani et al., 2013; Nyantakyi-Frimpong, 2013; Guthiga
& Newsham, 2011). A study conducted in Kenya showed that indigenous traditional 'rainmakers' used
observation of flora and fauna in weather prediction and had strikingly similar outcomes to expert
meteorological predictions (Guthiga & Newsham, 2011). The negative association between external
expert climate information and climate resilience may be explained by the inadequacy of weather
stations in rural areas in Ghana, thereby hindering location-specific weather predictions by regional
meteorological services. In the absence of adequate and accurate meteorological data, indigenous

weather prediction may prove more useful.

Multiple cropping was observed to be significantly related to smallholder farmer household
resilience to climate change. Amid climate change, multiple cropping may help guard against crop
failure. Our finding is consistent with literature indications (Beets, 2019; Mukadasi, 2018; Waha et al.,
2013) that multiple cropping allows for crop intensification while mitigating pest/disease infestation in
crops. Multiple cropping also improves soil nutrients, for example, the symbiotic relation between
leguminous plants and the rhizobium bacteria fix nitrogen in the soil which is utilized by plants (Palm &
Sanchez, 1990). Multiple cropping is a risk diversification strategy hence, considering the rapid
environmental stress on agriculture, multiple cropping could serve as harvest security for smallholder

farming households.

While these findings provide useful insights on livelihood diversification as a potential tool for
addressing climate change, some limitations are worth highlighting. Given that resilience is a self-
reported measure in our survey, there is a likelihood of potential response bias. As a household level

survey, the study was unable to capture the variation in intra-household level perceived resilience and
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perceptions of primary household farmers may not be representative of individual perceived resilience to
climate change. Since the primary household farmer reported on behalf of all other household members,
some livelihood activities of household members may be unknown to the primary farmer at the time of
the survey. This may lead to overestimation or underestimation of household livelihood activities. The
income from livelihood activities is essential for smallholder farmers' climate adaptation to
environmental stress (Atuoye et al., 2019; Barrett et al., 2001). However, due to lack of reliable income
data in smallholder communities such as our study area, the income differences from various livelihood
activities were not captured. The findings are also based on cross-sectional data limiting our findings to
statistical associations. There is a need for longitudinal analysis to examine the causal relationship
between livelihood diversification and climate change resilience. Qualitative analysis may also present a
more revealing causal and insightful understanding of the contextual dynamics in the role of farm and

nonfarm livelihoods in smallholder household resilience to climate change.

4.7 Conclusions

Overall, this study demonstrates that livelihood diversification is positively associated with resilience to
climate change in smallholder farming communities. These findings suggest that agricultural and
development policies must be broadened to include critical issues such as livelihood diversification. In
semi-arid Ghana, and similarly impoverished agrarian settings across SSA, synchronized diversification
into both farm and nonfarm livelihood activities may prove more beneficial and sustainable than an
abrupt total diversification outside agriculture (nonfarm). Amid the increasing climatic changes and
variability, the need to promote alternative local livelihood diversification systems is warranted.
Therefore, policies targeted at improving smallholder agriculture must be pursued alongside community

enterprise development and skillset development to help smallholder farmers diversify production into
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farm and nonfarm activities as complementary livelihoods. This way, the risk-spreading potential of
livelihood diversification can be leveraged to address underlying poverty and food insecurity in semi-
arid Ghana and similar contexts in the Global South. This policy direction must also consider relevant
underlying factors such as indigenous knowledge, climate information sharing systems, and farm
management practices such as multiple cropping to maximize benefit to all stakeholders at the local

level.
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5: Intra-Household Decision-Making Arrangements and Food Security in Semi-arid Ghana

Household decision making is crucial in navigating household food insecurity amid increasing climate
change and variability. In smallholder farming contexts in Ghana and other parts of Sub-Saharan Africa
(SSA), decision making is often the culturally ascribed role of the male family head. Yet joint household
decision making has the potential to leverage the diverse knowledge and capacities of household
members to meet the nutritional and dietary needs of households. Using a cross-sectional survey
involving 1100 smallholder farmer households, we examined the association between intra-household
decision-making arrangements and food security in northern Ghana. Results from the logistic regression
analysis indicated that households that practiced joint decision-making (OR = 1.71; p<0.001) had
significantly higher odds of being food secure compared to households that practiced sole decision-
making. Other noteworthy socio-economic and agricultural practices that were significantly associated
with household food security included household size, marriage type, wealth and Post-Harvest Loss. The
findings have demonstrated that household decision-making arrangements influence how household
members negotiate and reconcile preferences in the allocation of resources and consequentially
household food security outcomes. Therefore, policies that seek to address food insecurity and other
socio-economic challenges in such contexts must critically consider household decision-making
arrangements. Gender transformative policy approaches that are inclusive of both women and men in a
comprehensive dialogue on collective cooperation in household decision making and control of

productive resources should be employed.
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5.1 Introduction

Food is a fundamental human right, yet about 675 million people in Africa are food insecure
(FAO et al., 2020). Food security exists "when all people, at all times, have physical, social and
economic access to sufficient, safe and nutritious food" (FAO, 2009: 1). Food security is, therefore, not
limited to the availability of food, but the accessibility and utilization of food sustainably (FAO et al.,
2018). Food insecurity may exist when any one or more of the elements of food security (availability,
accessibility, utilization, and sustainability) is/are compromised (FAO et al., 2018; Yaro, 2013). Hunger
and malnutrition are particularly pressing issues in Sub-Sharan Africa (SSA), where underlying climate

stress, conflict, and economic crises exacerbate food insecurity (FAO et al., 2020).

In the Ghanaian context, the prevalence of food insecurity varies geographically. The average
food insecurity prevalence in southern Ghana is about 7%, however, food insecurity prevalence in
northern Ghana range between 10% to 30% (Nyantakyi-Frimpong, 2013; Biederlack & Rivers, 2009).
The longstanding food insecurity in northern Ghana could be primarily attributed to both socio-
economic and climatic factors. Climate change stressors such as drought, flood and erratic rainfall thwart
rain-fed agricultural systems and food production in northern Ghana (Nyantakyi-Frimpong, 2021).
Socio-economic factors such as poverty, low levels of education, poor access to markets, and unstable
food prices further exacerbate food insecurity in northern Ghana (Kuuire et al., 2013; Yaro, 2013c).
Though the economic and climatic determinants of food security in smallholder context are
acknowledged in literature, social factors such as decision making influence household food security

outcomes (Stevano et al., 2020; Amugsi et al., 2016).

Agricultural decision making is crucial in navigating household food insecurity in smallholder
communities, especially in the context of increasing climate change and variability. Here, agricultural
decision making refers to consensus and participation in such issues as what to plant, where, when, and
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how (Barlett, 2016). The role of decision making in proactive resource management at national,
community and household levels is well acknowledged in empirical research (Wang et al., 2018;
Fantahun et al., 2007). Also, household decisions on livelihood and adaptation strategies substantially
contribute to household capabilities to anticipate, prepare, and recover from environmental and socio-
economic shocks (Kerr et al., 2018). Studies have explored how household decision making informs the
organization of household labor and resources in SSA (Zakaria, 2017; Amugsi et al., 2016; Kalinda et
al., 2000). In smallholder communities, intra-household decision-making informs the utilization and
allocation of scarce household resources (labor, capital and land) for production (Kalinda et al., 2000). In
northern Ghana, deep-seated gender norms and patriarchal values continue to determine family authority
structure and inherent household decision making (Nyantakyi-Frimpong, 2019). Males are often the de
facto household heads and decision-makers. Gender inequality in participatory agricultural labor
decisions hinders women's economic empowerment in northern Ghana (Zakaria, 2017). Despite growing
literature on household decision making and gender relations in agriculture (Nyantakyi-Frimpong, 2021;
Zakaria, 2017; Amugsi et al., 2016), the relationship between household decision-making arrangements

and food security remain less understood, especially in patriarchal smallholder context.

This paper contributes to literature in two main ways. Firstly, it deepens understanding of the
social aspects of food insecurity. Given the ongoing climate crisis, discussions around food insecurity
tend to focus heavily on biophysical constraints to food production, including precipitation, soils, and
temperature. The social mechanisms (e.g., decision making and gender relations) that shape how food is
produced, accessed and utilized are often given a short shrift in contemporary discussions around food
insecurity. Here, we show how intra-household decision-making arrangements continue to be a crucial
underlying social driver of food insecurity in sub-Saharan Africa. Additionally, household decision

making, and how it shapes food security, is often explored using qualitative case studies. Due to the
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small samples of such studies, generalization is difficult, making it hard to use such results to inform
food policy. Here, we offer an analysis based on a large-scale, representative survey. We hypothesize
that households that practice joint decision-making are more likely to be food secure compared to those

with a sole decision-making system.

5.2 Theoretical framework

Household bargaining theories are used to understand how the household as a unit engage in decision
making and resource allocations. Intra-household bargaining describes the various mechanism of intra-
household decision-making and power relations in resource allocations (Fiala & He, 2017; Doss, 2013).
Bargaining models also emphasize how different socio-economic and cultural factors (e.g., gender, age)
mediate power in the household. Unitary and Non-Unitary (collective and cooperative) bargaining are
two broad categories of household bargaining that explain the processes of decision making and resource
allocation in a household. Classical unitary household bargaining conceptualizes the household as a
single decision making unit (Agarwal, 1997). With unitary household bargaining, household decision
making and resource allocation are carried out by a sole decision maker in the household. This is based
on the assumption that household members have aggregated interests and preferences (Manser & Brown,
1980). Unitary household bargaining is highly critiqued for its myopic view of the complexity of the
household and the differences in intra-household preferences. The fundamental premise of unitary
household bargaining is that all household resources are pooled together and distributed by a single
household head in the interest of all household members (Haddad et al., 1997). However, this is
unrealistic, as individual members of a household cannot at all times have the same or aggregated
preferences (Lundberg & Pollak, 2016). Unitary household bargaining also reflects patriarchy in SSA,
where decision making is the sole role of the male household head. Subsequent discussions on

household bargaining have recognized that a household is rarely a unanimous unit because it constitutes
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individual members with varying interests (Fiala & He, 2017; Doss, 2013). These models include

collective and cooperative bargaining, broadly referred to as non-unitary household bargaining.

Alternatives to unitary household bargaining is non-unitary household bargaining which includes
collective cooperative and non-cooperative intra-household bargaining frameworks. Non-unitary
household bargaining allow for at least two primary decision makers (i.e., husband and wife). In agrarian
context, children are customarily excluded from the decision-making process. However, the interactions
between adult children and parents are critically considered in non-unitary cooperative bargaining
(Lundberg & Pollak, 2016). Cooperative household bargaining is based on game theoretical models of
household resource allocations, where the bargaining power of each household member is a function of
available external options (fallback position and social legitimacy) (Agarwal, 1997). The bargaining
power of household members can be changed by modifying these external options (Haddad et al., 1997).
For example, in patriarchal societies, women’s bargaining power could be increased by modifying an
external factor such as their wages (Arthur-Holmes & Busia, 2020; Doss, 2013). The primary premise of
cooperative household bargaining is that households can strive to attain ‘Pareto efficiency’ (Agarwal,
1997). In this regard, no individual member of the household can maximize their benefit without
making another member worst off (Doss, 2013). Thus, Cooperative models postulate possible optimal
outcomes that should be considered by households based on specified criteria (Seiz, 1995). Therefore,
household members ought to negotiate and reconcile their different preferences. Cooperation exists
when all household parties seek to benefit from cooperative arrangements as relative to non-cooperative
arrangements (Fiala & He, 2017; Sen, 1987). Household members may disproportionately benefit from
cooperation as cooperative arrangements are usually more favorable to household members with higher
bargaining power (Agarwal & Bina, 1994). Contrary to cooperative household bargaining,

noncooperative household bargaining do not assume that households attain Pareto efficiency. The
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underlying assumption of non-cooperative household bargaining is that members are not able to reach an
enforceable agreement on the production, distribution and consumption of household resources (Fiala &
He, 2017; Agarwal, 1997). The separate spheres of non-cooperative models emphasize that households
can achieve a non-cooperative equilibrium, which reflects the traditional gender norms, roles and
expectations (Agarwal, 1997). Agarwal, (1997) argues that, though separate sphere models do not
assume pareto efficiency, the outcome of such bargaining may be an equilibrium. In both cooperative
and non-cooperative decision-making, the bargaining power of household members are vital in decision

making and resource allocations.

The bargaining power of a household member is a function of the fallback position and the
social, cultural and legal legitimacy of claim in the negotiation process (Agarwal & Bina, 1994). A
household member's fallback position is an external alternative that determines how well-to-do they
would be in a non-cooperative household scenario (Agarwal & Bina, 1994). A combination of a strong
fallback position and a legitimate claim produces the most favorable outcomes in a household
negotiation, particularly in cooperative bargaining. However, Sen (1987) emphasized that the outcome
of household negotiations also depends on perceived interest response and perceived contribution
response. Perceived interest response is the value placed on others' well-being relative to one's well-
being and perceived contribution response is what is thought to be an individual’s contribution to the
household economy (Agarwal & Bina, 1994; Sen, 1987). Structural gender norms and roles mediate both
perceived interest and contribution, especially in smallholder context. Women are often on the
unfavorable side of both perceived interest and contribution (Haddad et al., 1997; Agarwal & Bina,
1994). Also, because women tend to prioritize the welfare of other household members relative to their
well-being, they rarely have opposing preferences in household decision making (Agarwal & Bina,

1994). In traditional and patriarchal societies, women have less bargaining power in household decisions
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due to structural norms that make household decision making the preserve of the male heads (Kansanga
et al., 2019; Carney, 2004). Socio-cultural and economic intersecting factors such as age, wealth as well
as household characteristic (e.g., family type, structure of household) may also create differences in the
bargaining power among women, who generally have low bargaining power compared to men
(Nyantakyi-Frimpong, 2019). While these norms are fast evolving in contemporary times, this study

explores the association between household decision-making arrangement and food security.

The complexity of the household as a social unit is acknowledged in literature. The household is
a sophisticated unit of relationships characterized by negotiation, cooperation and underlying mediating
factors such as gender norms and traditions (McCarthy & Kilic, 2017; Agarwal & Bina, 1994). In
smallholder rural context, the household is a composition of implicit and explicit negotiations and not
merely a composition of the household members into a harmonious unit (Guyer, 1981). The composition
of household and the activities they engage in are deeply influenced by the cultural and institutional
contexts (Guyer, 1981). Guyer (1981) argues that when the focus of an analytic methodology is the
household, three critical interactions should be considered: the age hierarchy among men, gender
relationships and wealth disparities within the household. In rural smallholder communities, most
households are a composition of an extended family that constitutes multiple adults. That
notwithstanding, theoretical facets of bargaining models mostly assume and include two decision makers
(Lundberg & Pollak, 2016). Aside this, most bargaining models implicitly assume that the two decision
makers in question are a couple (Agarwal, 1997). Thus, a high number of bargaining models implicitly
assume that, in a multi-member household, bargaining and decision making is between the husband and
wife, and sometimes other adult household members (Lundberg & Pollak, 2016). Given that our study
area comprises polygamous and extended families. We acknowledge that, joint decision-making may

comprise adult household members (i.e., in extended families/nuclear families, and
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monogamous/polygamous marriages with adult children) or the husband and wife (i.e., in monogamous
and nuclear families without adult children). Families may make decisions either separately or jointly
commensurate with the bargaining power of each member. Thus, joint decision-making may not
necessarily be synonymous with equality in decision making because some members of the family might

have more inputs in the decision-making process.

5.3 Study setting

Ghana is a sub-Saharan country located in West Africa with sixteen administrative regions.
Accra, in the Greater Accra region is the capital of Ghana. Ghana has a total population of about 30
million people and a total land size of about 238,535 km2. Northern Ghana comprises 5 administrative
regions, namely: Northern Region, Savannah Region, Upper East Region, Upper West Region and North
East Region. Northern Ghana has two main ecological zones, the Guinea and Sudan savannah ecological
zones. The Guinea Savannah ecological zone covers the Upper West and Northern Regions and has an
annual precipitation of about 1000 mm (Ghana Statistical Service, 2013). The Sudan Savannah
ecological zone covers the north-eastern most part of the Upper East region, annual precipitations range
between 500 mm to 700 mm (Ghana Statistical Service, 2013). Both the Guinea and Sudan Savannah
ecological zones have unimodal precipitation patterns, limiting rain-dependent agricultural production to

once a year.

This paper uses the Upper West Region as a case study. The region is located in the north-
western part of Ghana around latitudes 9° 48' to 11° North and longitudes 1° 36' to 3° West (Figure 5.1).
Upper West is bounded to the north and west by Burkina Faso, to the south by Savannah Region and the
east by Upper East and North East Regions. The region has 11 administrative districts with Wa
Municipal as the capital. According to the Ghana Statistical Service (2019), Upper West has a total

population of about 702,110 people and covers an area of approximately 18,476 km?, which represents
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about 12.7% of Ghana's total land size. Agriculture is the main economic activity in the region, with
about 80% of the population engaged in diverse activities in the agricultural production value chain
(Ghana Statistical Service, 2013). The Upper West region is characterized by harsh climate conditions
that thwart agricultural production and other livelihood activities. Upper West Region has the highest
poverty incidence in Ghana, with over 70% of the population living on less than a dollar a day (Ghana
Statistical Service, 2015). Also, the region has one of the highest food insecurity rates in Ghana with
about 16% of the population is food insecure (WFP & MofA, 2012), which may be an underestimate.
For example, Atuoye et al. (2019) found that over 60% of the households in the Upper West region are
food insecure. Structural inequalities resulting from colonial and post-colonial policies neglect have also
contributed to the high poverty rates and food insecurity in the northern regions (Yaro, 2013b; Songsore,
1983). Colonial policies depleted labor in the northern regions and neglected investment into potential
resources (Yaro, 2013b). The region has a single cultivation season per annum due to the single maxima

rainfall pattern from June to September (Dapilah & Nielsen, 2019).

Upper West region has an average minimum and maximum precipitation of about 840 mm and
14000 mm, respectively (Ghana Statistical Service, 2013). Annual rainfall in the Upper West has
become irregular (Adiku et al., 2017), presenting challenges for timely cultivation. Average
temperatures in the region are about 28°C, reaching a maximum of about 38° C. In the last decades,
temperatures in the Upper West region have increased by 1.7° C and climate models project an increase
of about 3° C by 2050 (Adiku et al., 2017). In the past few decades, climate stressors (e.g., erratic
rainfall, drought, floods etc.), inadequate capital and inappropriate agricultural techniques have largely
contributed to decrease in crop yields in the Upper West Region (Atuoye et al., 2019; Kansanga,
Andersen, et al., 2019; Kansanga, Mkandawire, et al., 2019; Kuuire et al., 2013; Luginaah et al., 2009).

Food insecurity and climate change are significant challenges in the region, consequentially, households
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are increasingly engaging in livelihood diversification and migration as coping strategies (Mohammed et
al., 2021; Atuoye et al., 2019; Kuuire et al., 2013). This post-colonial north-south migration also
reflects the colonial labor recruitment initiatives and also indicates the high impoverishments in the

north (Yaro, 2013b).
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Figure 5. 1: Study Area Map of Upper West Region

Household and agricultural decision making in Upper West region are gendered. For example,
regarding agricultural labour, men typically clear land while women plant seeds and process farm
outputs after harvest (Nyantakyi-Frimpong, 2021). Aside from this gendered agricultural division of

labour, women are primarily responsible for various household chores and activities such as caring for
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children and the elderly in the household. Women also play critical roles in the nutritional and dietary
requirements of the household members. Access to productive resources such as land and labour
outrightly favours men through structural socio-cultural norms. For example, under the patrilineal land
tenure systems, men are the custodians of lands through inheritance, women may only obtain user rights
through male relatives such as husband, brothers, sons (Kansanga et al., 2019). Thus, even female-
household heads may be restricted to marginalized lands obtained from male relatives (Nyantakyi-
Frimpong & Bezner Kerr, 2017). More recently, gender roles and responsibilities have been evolving in
northern Ghana to incorporate women into key domestic and other decision making roles (Vercillo et al.,
2020; Kansanga, Mkandawire, et al., 2019). These are largely through Non-Governmental Organizations
(NGOs) projects in partnership with the government. Despite some progress, structural gender

inequalities persist, particularly in rural smallholder farming communities.

5.4 Methods

5.4.1 Data collection

This paper used data from a cross-sectional survey administered in the Upper West Region from
July to August 2019. The survey team constituted 3 researchers and 6 local research assistants. The 3
researchers trained and supervised the 6 local research assistants to administer the survey in local
languages. The research assistants approached eligible participants (primary farmers aged 18 or older) to
administer the survey in the local languages. The research team first consulted community leaders (i.e.,
Chiefs) to inform them about the purpose of the study and introduce them to the research team. Potential
participants were made aware that the study was strictly voluntary, with the assurance of confidentiality
and anonymity. The survey team sought oral consent from participants in their local languages. Only
participants who consented to participate in the study were asked further questions. A multistage

sampling method was used to select 1100 participating smallholder farmer households. First, three
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districts (Wa West, Lawra, and Nadowli-Kaleo) were selected using purposive sampling. These districts
were purposively selected because a high proportion of their populations are highly impoverished
smallholder farmers. For example, the Wa West district ranks number one as the poorest district in
Ghana, while Lawra and Nadoeli-Kaleo rank 13" and 17" poorest districts (Ghana Statistical Service,
2019). Therefore, amid increasing climate stressors and high impoverishment, smallholder farmers in
these districts are particularly vulnerable to food insecurity. Next, the participating smallholder
communities in each district were selected using a simple random sampling technique. Finally, a
systematic sampling technique was used to select household units by selecting every fifth house where
the research team first enters the community/village. The primary farmer in each household responded to
the survey on behalf of the household. Table 5.4 in the appendix details the topics/themes that were
surveyed and the number of items in each topic/theme. Ethical approval was granted by the Non-

Medical Research Board of the University of Western Ontario.

5.4.2 Measures

The outcome variable for this study is food security. Food security is a four-level ordered
variable computed from 9 questions using the Household Food Insecurity Access Scale (HFIAS).
HFIAS is a standardized measure of a household’s perceptions of their food security status (Coates et
al., 2007). The HFIAS assesses the prevalence of household food insecurity using a set of questions that
explore key areas including the uncertainty or concern over food availability in the household;
perceptions of food deficiency in quantity and/or quality, reductions in food intake; and feelings of
indignity from resorting to deplorable ways of obtaining food (Coates et al., 2007). HFIAS measures
include; whether any household was worried their food supply would run out, whether any household
member slept hungry due to inadequate food, whether any household member ate fewer times due to

inadequate food and whether any household member could not eat their preferred food due to lack of
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resources. HFIAS uses 9 indicators specific to a household’s experience of food insecurity in the past
four weeks. HFIAS approved standard scoring were used, where 1 = occurrence and 0 = non-occurrence.
Zero indicated the measure of food insecurity never occurred, 1 described it rarely occurred (1-2 times),
2 described it sometimes occurred (3-10 times), and 3 described it often occurred (more than 10 times).
The frequency of occurrence for each of the measures of a households’ food security was combined to
generate a total HFIAS score. An overall food insecurity score (from 0-27) was generated from the 9
questions such that households that answered ‘no’ were scored ‘0’ (indicating non-occurrence) to all the
nine questions and a maximum of 27 if all responses to the nine questions were ‘yes’ with frequency of
occurrence being ‘often” (Chakona & Shackleton, 2018). The household scores were categorized into a
four-level ordered food security outcome consistent with the HFIAS guidelines (Coates et al., 2007Db).
The four levels comprised food secure (HFIAS = 0-1), mildly food insecure (HFIAS = 2—7), moderately

food insecure (HFIAS = 8-11), and severely food insecure (HFIAS > 11).

The main independent variable is household decision-making arrangement. This variable is
generated from a question that asked smallholder farmers to indicate the decision-making arrangement
of their household (1 = male household head only, 2 = female household head only, 3 = joint household
decision-making). Other covariates were structured into individual background information, household
demographics and agricultural production and practice. These covariates include: age (0 = 18-25, 1 = 26-
35, 2 = 36-45, 3 = 46-59, 4 = 60 and above); gender (0 = male, 1 = female); household size (0 =1-4,1 =
5-7,2 =8-11, 3 =12 and above); marital status (0 = married, 1 = single, 2 = widowed/divorced); family
structure (0 = extended family, 1 = nuclear family, 2 = family without husband, 3 = family without wife);
marriage type (0 = monogamous, 1 = polygamous); source of credit (O = no credit, 1 = formal, 2 =
informal); wealth (O = richest, 1 = richer, 2 = middle, 3 = poorer, 4 = poorest); education (0 = tertiary, 1

= no formal 2 = primary, 3 = secondary); post-harvest loss; cropping practice (1 = monocropping, 2 =
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multiple cropping). We used the wealth index to measure household wealth. The wealth index is a
composite measure of the cumulative standards of living of a household (Smits & Steendijk, 2015). We
collected data on ownership of household assets such as mobile phones, moto-bikes, televisions, radio
sets, type of building materials, toilet facility and access to water. We then created a continuous scale of
household wealth based on ownership of the preset assets. The household wealth scores were further

categorized into five wealth quintiles (i.e., richest, richer, middle, poor, poorest).

5.4.3 Analysis

There are three main analyses for this study. First, we used univariate analysis to understand the
distribution of smallholder farmer household decision-making arrangement, food security and other
livelihoods. Second, we estimated bivariate ordered logistic regression to assess the independent
relationship between all predictors and food security. Finally, we estimated multivariate ordered logistic
regression to examine the association between household decision making and food security. We used a
nested regression model for the multivariate analysis and adjusted for individual background
information, household demographics, and agricultural production and practices. The
ordered/proportional odds logistic regression was appropriate because food security is an ordinal

variable with four levels. The equation for the ordered/proportional odds logistic regression model is.

P(Yij<1) Zp‘l
—_—_— o X VC:].,.Q_]. ................................................. 3
a-pij<n) %0 + kzl(a]k ijk T Vij, )

Where P(Yij < 1) indicates the probability that an event will occur. In this context, it represents the
probability that a household is food secure (verses in mild, moderate and severe food insecurity). (1 -

P(Yij < 1) is the probability that the event will not occur, which represents the probability that a
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household is not food secure and is therefore mildly, moderately or severely food insecure. Xijk =
explanatory variables, (k=1) is the first explanatory variable and (p—1) is the last explanatory variable.
Vij is the error term in the logistic model, a0 and Q - 1 are the intercept terms, and o is the coefficient
term (Hedeker et al., 2000). We checked for multicollinearity in the regression model using Variable
Inflation Factor (VIF). All VIF values for the variables were less than 2.0, with an average VIF of 1.48,
which indicates that variables used in the multivariate regression model are not highly correlate